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. ABSiIRACT 
The southern Nain Province is characterized by several north-
easterly trending supracrustal belts, Archean in age, which are infolded. 
i~to a c~mplex of P01Y9~:tic quartzofeldspathic gneisses. This thesis 
describes a petrological, geochemical and structural-metamorphic study 
of one of these belts, the HUflt River Belt, a predominantly mafic 
supracrustal sequence. 
The Hunt River Belt consists of a series of·amphtbolite schists 
(meta-volcanics), ultramafic lenses, and minor meta-sediments : The 
chemistry of the meta-volcanics displays close ?imilarities to tholeiites 
. 
found in the lowermost cycles of Archean greenstone belts. The ultramafics, 
containing preserv~d igneous textures, are considered to have intruded 
early into a developing vOlcanic pile. 
The thesis a.rea has undergone a complex h1story of structural 
and igneous development. The earliest recognized widespread event (01) 
prqduced a strong tectonic fabric in the Hunt River Belt, and produced 
banded gneisses in the quartzofeldspathic rocks through thrusting and 
transposition. 0.2 reflects a period of pure shear defonnation and 
overpr,!nted the area wi th ia pronounced pl anar fabri c. 03 represents a 
period of tectonically active crustal uplift associated with magma 
upwelling and gave rise to heterogeneous deformation. 04' a period of 
shallow level upright open folding, closed out the periods of folding 
and was followed by the development of megascopic faulting and diabase 
dyke i ntrus ion. 
Each of" the defonnational episodes was a~companied by periods 
of plutonic activity which led to the development of distinct gneiss types. 
, 
• 
- 1 i -
Mineralogical and microstructural evidence in the amphibolit, 
schists and the quartzofeldspathic gneisses indicates that D1 , D2 ~ / .. 
and D3 all occurred within the amphibolite facies' of metamorphisr 
. / 
D4 and subsequent faulting occurred under greenschist facies c~nditions. 
.. ~ 
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1.1 AlMAND SCOPE OF THESIS ( ' 
The aim of this thes~ is to provide some insight into the 
hitherto relatively unkno~chean supracrustal rocks of the Nain 
Province in the Canadian Shield. A comprehensive geological 
investigation was carried out on a small (~4 km X 20 km), predominantly 
mafic supracrustal sequence (the Hunt River Belt) and the surrounding 
quartzofeldspathic gneiss complex. The Hunt River Belt is located in 
the southern part of the Nain Province, inland from Hopedale, just 
• 
south of the Hunt River. This thesis is concerned with the field 
relations, petrology, geochemistry, structure and metamorphism of the 
rocks, with emphasis on the Hunt River Belt. 
The data is discussed in terms of the crustal evolution of 
the southern part of the Nain Province. Comparisons are made with 
geological studies of other high-grade Archean gneiss terrains, and 
certain ispects (geochemistry, for example) are compared and contrasted 
with low-grade Archean greenstone belts. 
The thesis concludes with a discussion on the relevance of tne 
geology of the thesis area to present day theories for the evolution of 
the earth's early crust. 
1.2 LOCATION ANO ACCESS 
• 
The thesis area, located 30 km west-southwest of Hopedale in 
eastern Labrador, (latitude 550 19'; longitude 600 45'), covers an area 
of approximately 100 square km (Figure 1.1). There are no navigable 
waterways from the coast into the area, and channels between lakes are 
generally very shallow rocky creeks. However"the numerous small lakes 
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allow good access by small aircraft. , 
Although there are several coastal communities such as 
Hopedale, Davis Inlet and Makkovik much closer to the study area, 
Goose Bay, 224 km to the south is the most reliable logistical support 
centre. 
1.3 TOPOGRAPHY AND EXPOSURE 
, The highest elevation in the map area is 400 m above sea 
1eve1. The relief, ranging from 100 m to 200 m, roughly outlines the 
north-northeasterly trending ridges and valleys. The topographic trends 
are parallel to and ate greatly influenced by the regional structural 
trends of the underlying bedrock. . I 
The Hunt Ri ver Bel t forhts~ topographi c I hi gh I and is 
boardered to the west by a flat, low-lying valley about 7 km wide. 
~ 
Bedrock exposure throughout most of the thesis area averages approximately 
50 percent. 
Forest vegetation occurs in some of the valleys which are 
bottomed by streams and elongate lakes, however, for the most part the 
land is quite barren with minor low-lying bushes and moss. In places 
the bedrock is covered by a coarse bou1 der ti 11. ' The extreme degree 
of sorting and the coarse natur~ of the till is apparently the result 
of strong aeolian action. 
Outcrop surfaces have generally been rounded by glaciation 
and are commonly lichen covered. There are numerous creek beds which 
do, however, provide fresh, lichen-free surfaces. 
, 
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1.4 FIELD WORK 
Due to unforseen logistic delays on1y ' 7 weeks were spent 
in the field during the summer of 1973. On July 11 the field party 
was flown into Hab Lake where the main base camp was established. The 
northern half of the area was covered by making use of backpacking 
fly camps. SpeCi~l light-weight equipment and freeze-dried food 
allowed regional traverses lasting 2 to 4 days. On August 15 a traverse 
was made to the southern end of Snake Lake where a second base camp was 
established. Extra equipment had been previously cached there by 
aircraft. The field party left for Goose Bay on September 2. 
The weather was very good for most of the field season with 
only 8 days lost to inclement conditions. Throughout the last 2 weeks 
of August freezing temperatures at night and much rain and intermittent 
hail during the day was experienced. 
Topographic map coverage of the thesis area was at a scale of 
1:250,000 (13N Edition 1 MCE Series A501). e Mapping was carried out at 
a scale of 1:25,000 using enlarged 1:50,000 aerial photographs. The 
airphotos were purchased from the NAPL Reproduction Centre, Dept. of 
Energy, Mines and Resources, Ottawa. Flight line numbers A20576-11. 
A21899-20, A21899-21, and A21901-243 gave complete coverage of the area. 
1.5 REGIONAL GEOLOGICAL SETTING AND PREVIOUS INVESTIGATIONS 
Tpe map area lies within the Nain Province of the Canadian 
Shield (Stockwell, 1963, 1964; Taylor, 1971), a relatively thin wedge 
of Archean gneisses and migmatites which parallels the Labrador 
seaboard. The Nain Province is boardered to the west and north by 
the Churchill Province made up of reworked Archean gneisses and 
deformed Proterozoic sediments and volcanics. To the south the Nain 
Province i. boardered by the Makkovik Sub-Province (Taylor, 1971) 
which is also composed of reworked basement Archean gneisses and 
Proterozoic sedimentary-volcanic cover rocks. 
In a broader geological context, the Nain Province is 
considered to form the westernmost extension of the North Atlantic 
Craton (Bridgwater et ~., 1973c). This Archean block extends through 
south central Greenland and includes the Lewisian rocks of north-
western Scotland. The Churchill Province and the Makkovik Sub-Province 
are generally equated to the Nagssugtoqidian and Ketilidianmobile 
belts in Greenland (Bridgwater ~ ~., 1973b). 
The south-western extension of the North Atlantic Craton in 
eastern Labrador is dominated by three separate north-easterly trending 
linear belts of schistose mafic and ultramafic rocks and meta-sediments 
infolded within highly deformed quartzofeldspathic banded to migmatitic 
gneisses. Relatively little detailed mapping has been carried out in 
thi s part of Labrador. The two most northerly belts were vi sited by 
F.C. Taylor during 1~.250'OOO reconnaissance mapping of north-eastern 
Quebec and northern L brador in 1971. Taylor (1972, p.2) describes the 
middle belt as consisti "chiefly of limy argillite and siltstone with 
small amounts of amphibolite. In places the banding can be determined 
to be primary beddi.ng", while the northernmost belt consists of 
"amphi bo 1 i te and small er amounts of meta-sedi mentary rocks ... pri ma ry 
bedding is locally discernable dolomite is present in the central 
part. II The southernmost belt, the Ugjoktok Bay supracrustals, is 
.. 
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described by Sutton (1972, p.1691) as "complexly deformed and 
'(' 
metamorphosed hornblende SChlst and associated, mica schists and 
1 imestones." 
The quartzofeldspathic gneisses in Labrador also lack 
extensive detailed investigation. Kranck (1953), in his mapping of 
the seaboard of Labrador from Hopedale to points south, coined the 
term "Hopedale Gneiss" for the basement gneisses north of Kaipokok 
Bay. According to Kranck~;953, p.33), "The main constituent of the 
bedrock is a light grey, comparatively homogeneous biotite gneiss, with 
slightly lenticular structure, interbedded with schlierly of banded gneiss 
consisting of alternating basic hornblende and granitic layers. Both are 
interwoven by pegmatitic and aplitic material." 
Taylor (1971) recognized a great diversity of gneissic rock 
types and use, the term "migmatite" as an all-encompassing description 
.. 
at the regional scale of mapping. 
Sutton (1972, p.1679) describes the gneiss from the western 
shore of Ka i pokQk Bay as a "heterogeneous unit of banded gnei ss and 
migmatite with associated acid intrusions." He attributes the 
heterogeneity to both original lithologic variation and to heterogeneous 
polydeformation, and introduces the term "Hopedale Complex" to reflect 
the marked heterogeneity. 
The equivalent Archean terrain which outcrops along the south-
western coast of Greenland has by comparison received fairly extensive 
geological investigation. Supracrustal rocks of at least three different 
ages have been recognized (Bridgwater et !l., 1973a). These include the 
3.75 by rocks of the Isua Region (Moorbath et !l., 1973) the Malene 
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supracrustals (McGregor, 1973), and the Tartoq Group in the south 
(Higgins, 1%8; Higgins and Bondsen, 1966). Supracrustal rocks from 
the southern Nain Province (the Ugjoktok supracrustals) have been 
equated with the Tartoq Group (Sutton !!-.!.~., 1972; Sutton, 1972). 
1.6 GENERAL GEOLOGY 
The thesis area is made up of two rock complexes; the 
Hunt River Belt, and a sequence of quartzofeldspathic gneisses 
...... 
(Figure 1.2). The Hunt River Belt crops out as a NNE trending 
linear sequence up to 4 km wide and 20 km long. It may be subdivided 
geographically into two areas; a northern area comprising a large 
antifonn-synform couple plunging to the northeast, and a southern 
area comprising a large antiform-synform couple plunging to the 
southwest. The sequence is predominantly composed of mafic and 
ultramafic rocks. Three distinct groups of rocks have been recognized 
incl udi.ng meta-vol cani cs, meta-u1 tramafi c~ and meta-sedi ments. 
The rreta-volcanics are now represented by amphibolites 
including garnet amphibolite, pyroxene amphibolite and thinly banded 
felsic-enriched varieties. They are chiefly fil).e- to medium-grained, 
massive to schistose and conmon1y display compositional variation 
(involving hornblende, pl'4,9ioclase, garnet, pyroxene and quartz). 
This mineralogical layering varies from discontinuous bands less than 
1 cm in thickness to major mappable units tens of metres in thickness. 
Meta-ultramafic rocks include units ~4 km long) of 
hornblende- schist and tremolite schist, and a series of lenses . 
(Sl km long) of serpentinite. The hornblende and trernolite schists 
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crop out as fairly extensive conformable units, although at one 
locality the hornblendite was observed to be distinctly discordant to 
the adjacent amphibolite schist. The serpentinite occurs as distinct 
lenses and pods which have been transposed axial planar to late stage 
folds. In certain of the serpentini te lenses preserved harzburgi tic 
patches retain coarse textures characterized by elongate olivine and 
interstitial enstatite . These textures may well represent igneous 
cumulate textures. 
Minor meta-sediments crop out as a series of garnet-
~taurolite-cordierite-bearing pelitic schist, biotite-.Qarnet-bearing 
rusty units and grey feldspar-biotite schist. 
The garnetiferous and clinopyroxene-bearing amphibolites are 
chemically distinctive units. The garnetiferous amphibolite in 
particular shows anomalous trace element contents. Generally there are 
no transitional rock types between the basic volcanics and the ultramafics. 
The pelitic schist shows very similar nickel-chromium contents as the 
amphibolites. indicating a close spatial relationship in their fonnation. 
The amphibol i tes from labrador have been compared to other 
volcanics. and they correlate most favourably with basalts associated 
with ultramafics in the lower parts of volcanic 'cycles from Archean 
greens,tone be lts. 
The Hunt River Belt is infolded into a complex of polygenetic 
quartzofeldspathic gneisses. A well-banded tonalitic gneiss is the 
most extensive gneiss type. The strong compositional banding developed 
during a period of intense defonnation. which included reworking of the 
5upracrus ta 1 s. The mafi c component of the banded gnei 55 vari es 1 n 
scale from s~l1 semi-continuous alternating bands enriched in 
hornblende several centimetres thick, to relatively large amphibolite 
lenses up to 250 m across. The larger amphibolitic lenses, some with 
ultramafic pods, are regarded as schlieren of meta-volcanics related 
to the supracrustals. Intrafolial fQlds within the dominant gneissic 
banding provide evidence of an even earlier gneissic terrain. Rare 
zones of low intensity deformation within the banded gneiss expose 
a weakly-banded to homogeneous hornblende-bearing quartzofeldspathic 
gneiss containing defonned amph i bo 1 ite pods which are clearly 
di scordant to the gneissic foliation. Loca 11 y, these mafi c pods 
closely resemble defonned dykes. . ~ 
Homogeneous trondhj emi tic to granitic gneiss forms a fairly 
extensive rock unit intrusive into the banded gneiss. A strong 
p I ana r schi s tos ity defi ned rna in ly by bi ot i te is presen t throughout 
the homogeneous gneiss. Loca11y, a weakly developed gneissic 
banding is also discernable. 
The mixed gneiss fonns a transitional zone between the banded 
and the horoogeneous gneisses. It is characterized by relatively weil-
banded tonalitic units and hornblende-biotite banded units which are 
intercalated with the banded and horoogeneous gneisses on a scale of 
tens of metres. 
The development of agmatite gneiss coincided with a ~ajor phase f 
of folding. large amounts of coarse pegmatitic leucosome were injected 
syntectonlcally and axial planar to megascopic folds. In Figure 1.2, 
the area of extensive leucosome emplacement is represented as a single, 
well-defined linear unH. However,the regional effects are widespread. 
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A small area of gabbroi c anorthos it, was di scovered south 
I 
. " of the Hunt River Belt. The rock. composed of anorthite-rich 
plagioclase and hornblende. is strongly deformed and is conformable 
to the surroun'ding banded gneiss . 
The contacts between the Hunt River Belt and the gr;teissic 
terrain are to a great extent fault bounded. Very coarse-grained 
pink pegmatites are corrmon1y found in the fault zones . Elsewhere. 
the gnei sses are separated from the Hunt Ri ver Be 1 t by a rock uni t 
approximately 5 m thick. It is variable in composition along strike. 
becoming enriched in potassium feldspar and pink in colour. In other 
places hornblende is present in sufficient amounts to form a well-banded 
pink gneissic rock. This unit may represent an intrusive rock emplaced 
along the margins of the Belt. but the highly variable nature of the 
unit makes its origin uncertain. 
Igneous intrusions of several ages have been recognized. 
including small granitic plutons and plugs as well as ubiquitous 
pegmatitic and mafic dyke swarms. These igneous rocks range from 
highly foliated largely concordant bodies to undeformed post-tectonic 
intrusions. 
The structural development of the area is polydeformationa1 
and heterogeneous. Major rock units show evidence of both flattening 
and intense r~tational shearing. The regional intercalation of units 
- ; 
is interpre~d to be the result of thrusting accompanied by folding and 
transposition of layering para-llel to the axial planes of the folds. 
Later stages of folding were accompanied by extensive syntectonic 
( 
formation of granite resulting in the development of agmatite in the 
\ } 
! 
gneisses. 
featu7s 
Be 1 t. 
V 
Late stage regional fold patterns are the salient structural 
and strongly influence the outcrop pattern of the Hunt River 
Mineral assemblages in the mafic and pelitic rock units 
indicate that at least med\um to high grade amphibolite facies 
I ' 
metamorphism was reached\ / Col1lrlOn mineral phases include: 
I 
1. biotite. garnet. staJrolite. cordierite and sillimanite in 
pelitic and semi-pelitic schists, 
2. blue-green hornblende, actinolite, cUlT111ingtonite, diopside, 
garnet, biotite and plagioclase (An 35_45 ) in amphibolites, 
3. olivine, anthophyllite, tremolite, hornblende, brucite, calcite 
and talc in ultramafics, and 
. 
4. quartz, plagioclase, microcline, biotite, muscovite, garnet and 
hornblende in the quartzofeldspathic gneisses. 
Widespread partial retrogression to greenschist facies is present 
hout the study area. 
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CHAPTER 2 
LITHOLOGY AND PETROLOGY 
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2.1 INTRODUCTION 
2.1.1 Mineral Assemblages 
Throughout this chapter the component minerals of a 
particulcIr lithology are listed as 'mineral assemblages'. The 
prerequisite for minerals belonging to a single mineral assemblage 
is that they are in physical contact with one another (Winkler, 1967). 
tollowing Chatterjee (1971), further restrictions on minerals in an 
assemblage include absence of reactions along contacts or alterations 
of individual minerals, and contemporaneous growth of minerals based 
on correlation of deformation and crystallization during polymetamor-
phism. This latter restriction is very important in polydefonned 
rocks, as it would be misleading to combine two minerals in a single 
assemblage based only on chemical criteria, if microstructural evidence 
clearly indicates that the two minerals are spatially unrelated. 
2.1.2 Plagioclase Determinations 
....... . -
Plagioclase determinations were made following the Michel-Levy 
Method described by Moorhouse (1959). At least ten determinations were 
made in each thin section in order to make the anorthite content values 
of the plagioclases as accurate as P?ssible. 
2.zl.3 Fabrics 
Penetrative tectonic fabrics are classified as: 
S-fabrics - those which define a planar surface such as a parallel 
alignment of platy micas, 
L-fabrics - those which define a linear trend such as a linear parallel 
alignment of acicular hornblende crystals, and 
L-S-fabrics - those which display components of both L-fabrics and 
S-fabrics which ~ave formed during a single deformation. 
The formation of these fabrics is discussed following theories of 
homogeneous deformation originally proposed by Flinn (1962), and 
more recently as applied to practical field work by Wa,tterson (1968). 
2.1.4 Scale 
Throughout the chapter the structural elements are scaled 
according to the terminology suggested by Turner and Weiss (1963). 
Microscopic scale covers bodies such as thin sections that 
can be conveniently studied with a microscope. In describing 
microscopic grain relationships the term 'microstructure' is used 
following the usage of Vernon (1968) and Collerson (1974). Descriptive 
microstructur~ terminology for the metamorphic rocks is ~h~t of 
Spry (1969). 
Mesoscop; c sca 1 e covers bodi es that can be effect't-ve 1y 
examined in three dtmensions by direct observation in the field. 
Megascopic scal~ (this term is preferable to macroscopic 
... 
used by Turner and Weiss, 1963) covers bodies too large to be examined 
directly in their entirety in the field. 
2.2 HUNT RIVER BELT 
The Hunt River Belt is a relatively thin, folded, tabular 
body, bounded on both sides by quartzofeldspathic gneisses. Its 
widest outcrop (approximat&ly 4 km) ~ccurs in the ' south (Figure 1.2). 
---
" 
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The strike length of the Belt, when measured around major folds, is 
/ 
approximately 45 km. These measurements are in no way r~lated to 
the original size of the Belt as it has been extensively modified 
by successive tectonic deformations of varying magnitudes. 
There is considerable small scale lateral and vertical 
variation in mineralogy and texture within the Belt, yet it is 
remarkable that such a relatively slender rock unit retains a complex 
and consistent stratigraphy throughout most of its strike length. In 
the following discussion the individual lithologic units are described 
with emphasis placed on field relations, mineralogy and microstructural 
features. 
In Chapter 1 the Hunt River Belt was referred to as a meta-
volcanic supracrustal belt. It is appropriate at this time to define 
the terms "meta-volcanic" and "supracrustal" and to justify their usage 
here. The term supracrustal as defined by Windley et~. (1966, p.l) 
refers to "all forms of sedimentary and volcanic rocks which are 
sufficiently untransformed for them to be recognizable as such." In 
. 
southwestern Greenland supracrustal rocks make up less than 20% of 
the Archean terrain (Bridgwater, 1970) yet linear supracrustal belts 
are widespread. The main occurrences are found at Isua (Keto and 
Allaart, 1975), Godthaab (McGregor, 1973), Fiskenaesset (Myers, 1973), 
Ravens Storo (Andersen and Friend, 1~73), Frederikshabs Isblink 
(Dawes, 1970), frederikshab (Jensen, 1969) and Ivigtut (Higgins, 1968). 
All of these occurrences are considered to be meta-volcanic supra-
crustal rocks, even though primary structures are rarely preserved. 
In the Frederikshabs Isblink area, for example, Dawes (1970) reports 
~, 
, 
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that although it is likely that other amphibolites in the complex 
may represent meta-volcanic rocks, preserved primary volcanic 
structures in amphibolites are found in only one location (the 
northern nunatak 1340 m). It is the preserved volcanic structures 
occurring throughout southwestern Greenland which indicate that the 
amphibolites are meta-volcanic rather than meta-sedimentary in 
origin (Blank. 1972). 
In Labrador large amphibolitic units found at Saglek Bay 
(Bridgwater et al., 1975), Hunt River (this thesis) and Ugjoktok Bay 
(Sutton, 1972) are very similar in size, distribution, field relations 
and associated rock types (pelitic schists and ultrabasics) to the 
supracrustal belts in Greenland. Therefore, although primary volcanic 
structures have not yet been found in Labrador, it is reasonable to 
use the term meta-volcanic supracrustal to describe the rocks. 
2.2.1 Meta-volcanics 
Amphibolite is by far the most abundant rock type in the 
Hunt River Belt. The term amphibolite applies to a homogeneous, fine-
to coarse-grained, dark, schistose rock composed predominantly of 
equal amounts of hornblende and plagioclase. In the field it was not 
possible to SUbdivide the amphibolites into discrete mappable units. 
Thin section studies h~ver revealed three distinct varieties. In 
this section the terms normal amphibolite, garnet-bearing amphibolite 
and diopside-bearing amphibolite are introduced for the purpose of 
petrographic description, following the terminology used by Kalsbeek 
and Leake (1970) in southwestern Greenland studies. 
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2.2.1.1 Normal Amphibolite 
In the field the normal amphibolite ranges in colour from 
dark grey and dark green to b 1 ad., and it is generally fi ne- to 
medium-grained. It possesses a strong penetrqtive tectonic 1abric 
usually defined as a schistosity in amphibole-enriched rocks or, 
less cOlTll1only, as a small scale banding (~l cm wide) formed by 
alternating amphibole -enriched and quartzofeldspathic-enriched 
layers (Figure 2.1). A lineatian defined by the parallel alignment 
of elongate hornblende crystals is also locally developed. 
The following mineral assemblqges were observed in thin 
section: 
1. hornblende + plagioclase 
2. hornblende + plagioclase + quartz. 
Sphene, zircon and opaque oxides are accessory phases, whereas epidote, 
sericite and carbonate represent retrograde alteration products of the 
dominant mineral constituents. 
On a microscopi~ to mesos~opic scale the normal amphibolites 
exhibit a wide variety ~microstructures, depending largely upon their 
structural position. For example, rocks occurring in the cores of 
megascopic tight synforms displayed a strong nematoblastic texture 
whereas rocks occurring in the open anti formal structures displayed 
a more equ;granular crystalloblastic texture. 
Hornblende commonly forms 50% to 80% of the rocks and varies 
from xenoblastic grains .1 mm across to hypidioblastic crystals as 
large as 1 mm across and 2 - 4 rrm in length (Figure 2.2). The 
hornblendes display the following pleochroic schemes: X green to 
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FIGURE 2.1: Typical outcrop weathered surface of 
normal amphibolite. Bands enriched in quartz-plagioclase 
stand out in relief. The lower third of the photograph 
is a portion of a light buff coloured rusty zone. 
22 -
FIGURE 2.2: Photomicrograph of normal amphibolite in 
plane light (scale X 120). Lepidoblastic texture is 
defined by aligned subidioblastic laths of hornblende 
(dark grey) in a matrix of colourless granoblastic 
polygonal quartz and plagioclase crystals. Note the 
dark pleochroic halos surrounding tiny zircon ,crystals 
in the hornblende. 
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blue green, Y green to pale green, and Z pale brown to colourless 
(x>y>Z). They develop rational or irrational gratn boundaries 
in roonominerallic aggregates and curved and embayrboundaries when 
in contact with quartz and feldspar. T.here was n evidence in thin 
section that any hornblende fonned as a regressiv alteration of 
orthopyroxene. 
Undulose quartz and twinned feldspar (An45 _53 ) usually 
occur as xenoblastic crystals and are generally of slightly smaller 
grain size than the hornblende. The plagioclase is well-twinned 
according to Albite and Pericline twin laws, appears to be largely 
unaltered in the northern part of the thesis area, but is corrrnonly 
highly saussuritized in the south. The felsic minerals are generally 
interstitial to the amphibole and their xenoblastic crystal shapes 
are largely controlled by the enclosing hornblende. Textures of 
the felsic minerals in hornblende-free layers or aggregates tend to 
be more polygonal. 
2.2.1.2 Garnet-bearing Amphibol i te 
Thin zones (from 1 - 4 m in width) of amphibolite contain1 
abundant bright red garnets fonn a distinctive lithology within the 
Hunt River Belt. The zones are very local in nature, however, and 
do not constitute mappable units. The largest outcrop (4 m in width 
I 
and 50 m in length) occurs in the northeastern part of the Belt. 
In the field the ()utcrops of garnet-bearing amphibolite 
display sharp or transitional to diffuse boundaries with the adjacent 
garnet-free amphibolites {nonnal amphib()lite and diopside-bearing 
/ 
\""-
amphibolite). a feature generally related to the modal abundance 
of garnet in the rock. The rock exhibit's a strong anastomosing 
schistosity defined by the hornblende and plagioclase which 
surrounds the subidioblastic garnet porphyroblasts. Locally. thin 
layers of garnet-bearing amphibolite are intensely folded or 
boudinaged (Figure 2.3). In general the garnet-bearing amphibolite 
appears to be more silicic than the other amphibolites. 
The mineral assemblages identified in this rock type include: 
1. hornblende + quartz + garnet + plagioclase 
2. hornblende + quartz + garnet + plagioclase + biotite 
3. cummingtonite + quartz + garnet + plagioclase + biotite 
4. hornblende + biotite + quartz + plagioclase. 
Accessories i ncl ude opaques, carbonate t sphene and apatite. 
In thin section a pronounced schistosity is defined by 
el.ongate mineral constituents and by a poorly developed discontinuous 
banding of alternate layers of felsic and mafic-enriched layers 
(approximately 1 rTIT1 in thickness). In places the schistosity wraps 
around porphyroblasts of garnet. forming augen structures. 
The quartz and plagioclase (An 35_42 ) occurs as a fine-grained 
polygonal granoblastic mosaic. A minor percentage of grains are 
elongate to platy and lie parallel to the main schistosity. The thin 
section length:width ratio of these grains averages 2:l. 
T11e hornblende. similar·to that found in the normal amphibolite. 
is of the conmon green variety and displays a blue green to green (X). 
green to pale green (V) and pale brown to colourless (Z) pleochroism. 
I t occurs in two habi ts . The major; ty is fi ne - to med; um- gra; ned. 
xenoblastic to subidioblastic, and generally elongate parallel to 
the banding . Less cOlTlTlonly the hornblende occurs as coarse (1 - 2 rrm 
across), extremely poikiloblastic crystals overgrowing the dominant 
fabri c of the rock. 
The garnets, which average 1 - 2 ITITI in diameter. are much 
coarser than the average grain size of the rock, and are xenoblastic 
and very poikiloblastic. They are characterized by a corona-like 
development of quartz around their outer edge. 
CUlTlI1ingtonite, an alteration product of the hornblende, 
occurs in the same hab it and form as the hornb 1 ~nde. It is pa le green 
to colourless, has higher birefringence than hornblende, and commonly 
exhibits polysyrrthetic twinning. Found only in the southern part of 
the Hunt River Belt. it appears to be dtemically controlled (low Ca in 
, .. 
host rock) rather than a reflection gf regional metamorphic zoning. 
Where currmingtonite is present, the hornblende appears to be in 
disequilibril.ll1 with the garnet. Hornblende in contact with garnet or 
in proximity to garnet is altered to clI1ll1ingtonite (Figure 2.4). 
Biotite displays the following pleochroic scheme: X" yellow, 
y = Z = red-brown. It occurs mainly as discrete, fine-grained, thin, .. 
sub-idioblastic flakes which parallel and help define the schistosity. 
In the northern part of the Hunt River Belt small amounts of biotite 
were seen to be replacing hornblende. 
2.2.1.3 Diopside-bearing Amphibolite 
The di ops i de-beari ng amphi bo1 i te is genera 11y i nconspi cuous 
because it is similar in colour to the other amphibolites andbecause 
" I 
• 
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FIGURE 2.3: Thin layer of garnet-bearing amphibolite in an outcrop of 
normal amphibolite. The garnet-bearing layers, bounded by felsic-enriched 
layers, are strongly boudinaged. 
FIGURE 2.4: Photomicrograph of garnet-bearing amphibolite from the 
Southern area in plane light (scale X 120). Poikiloblastic garnet 
(high relief) is surrounded by colourless quartz and plagioclase. 
The dark grey hornblende is altered to cummingtonite (colourless) 
where in proximal contact with garnet. 
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there is only a small amount of pyroxene present (~5%). However, 
the diopside is readily apparent in thin section. The rock also has 
a very distinctive chemical composition (CaO=14%). In the field the 
relationship of the diopside-bearing amphibolite to the other rock 
types is obscure, but it appears to crop out in thin (!SID cm in 
thickness) discontinuous lenses which are transitional with the 
adjacent rock types. 
The mineral assemblages observed are as follows: 
1. hornblende + diopside + quartz + plagioclase 
2. hornblende + diopside + plagioclase 
3. hornblende + diopside + plagioclase + trace garnet. 
Interstit"ial carbonate and very fine epidote crystals are cornnon 
accessory minerals. 
The diopside is unaltered, pale green to colourless and 
characteristically occurs in widely spaced layers (4 - 5 JlIl1 thick). 
The amount of diopside in these layers varies from less than 50% to 
almost 100%. In the latter case, the diopside usually foms large 
hypidioblastic crystals 1 - 6 rrm in length. Less cOl1111Only, single 
very large diopside crystals from 5 - 10 rrm in length occur. These 
large isolated crystals are very poikiloblastic and appear to overgrow 
the main schistosity. 
The petrographic characteristics of the remaining mi-neral 
species (hornblende, quartz, feldspar and trace garnet) are much the 
same as the descriptions outlined in the normal and garnet-bearing 
amphi bo lites. 
, 
I 
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2.2.2 Ultramafics 
The ultramafic rocks are always found in contact with 
the meta-volcanics. Only one small lens is' not completely enclosed 
by amphibolite but crops out along an amphibolite-quartzofeldspathic 
gneiss contact. Three types of ultramafi c rocks have been discerned 
including hornblende schist, tremolite schist and serpentinite schist. 
Unlike ultramafic lenses occurring elsewhere in the North 
Atlantic Craton, the Hunt River Belt ultramafic lenses are not 
mineralogically zoned. Zoned ultramafic lenses described from 
Faeringehaven in southwestern Greenland (Windley. 1972) formed under 
condi ti ons varyi ng from granul i te to greenschi s t faci es. Farther to 
the south fn the FrederikshAb district (Misar. 1973) and also in the 
Lewisian of northeast Scotland in Skye (Matthews, 1967) zoned ultramafic 
lenses are found in amphibolite facies rocks. In general the 
mineralogical zoning is interpreted to have resulted from migration 
of elements during regional metamorphism. 
For the most part the ultramafic lenses in the thesis area 
have been tectonically remobilized during late stage folding and 
therefore the contacts would not be expected to retai n any syrrmetri cal 
mineralogical zoning which may have developed during an earlier high 
grade metamorphic event. Certain lenses, especially the thin concordant 
layers near the grey s~hist unit, do not appear to be allochthonous 
with respect to the adjacent amphibolite. Even in these bodies the 
contacts between the ultramafic and amphibolite rock are quite sharp 
with ~o evidence of diffusion between the chemically distinct r~ck 
types. These relationships seem to indicate that the early metamorphism 
I 
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of the Hunt River Belt proceeded under essentially isochemical 
conditions. 
2.2.2.1 Hornbl~nde Schist 
Units of hornblende schist occur either ato small scale 
lenses (5 m long X 2 m wide) or as large traceable units up to 50 m 
in widttt. They are found in both the northern and southern areas. 
Contacts with the al1l>hibolites are nonnally quite distinct but in 
places the hornblende schist becomes interbanded with the amphibolite 
on a scale of up to several metres over tens of metres. 
The main hornblende schist units occur as stru{:turally 
confonnable bodies within the amphibolite. However, just north of the 
faulted termination of the hornblende schist in the southern area, a 
small unit of dark green hornblen~e schist approximately 1 m thick is 
definitely discordant to the SChiStoS'tzin the amphibolite 
(Figure 2.5). In the field the rock is generally dark green in 
colour and fin~grained. Although it contains a strong tectonic 
fabric, at times it appears to be rather massive. due to its mono-
mi nera 1·1 i c na ture. 
The mineral assemblages include: 
1. f hornblende + carbonate + opaques 
J 
2. hornblende + anthophyllite + carbonate + opaques. 
In thin section the rock is fine-grained. The average grain 
size is about .5 RIll and ranges up to 1 mn in 1 ength. Textures observed 
in thin sections cut perpendicular to the schistosity vary from a 
mosaic of hypidioblastic. slightly elongate crystals to a nematoblastic 
/ 
/ 
~i 
! 
I 
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FIGURE 2.5: Outcrop of small lense of ho~nblende schist from southern 
area. The hornblende is the dark unit running diagonally from lower left 
to upper right of the photograph. Discordant contact is particularly 
irregular along the right side. 
FIGURE 2.6: Outcrop surface of finely crenulated tremolite schist from 
the northern area. 
texture defined by elongated subidioblastic to xenoblastic hornblende. 
Sections cut parallel to the schistosity show a poorly defined 
lineation. There is no evidence to suggest an over-printing of the 
schistosity and the fabric appears to be an S-L fabric as defined 
by Flynn (1962). 
The hornblende occurs mainly as interlocking, hypidioblastic 
crystals averaging .5 mm across . Lass commonly it is found as 
xenoblastic, elongated, lath-like crystals up to 1.2 rrrn in length. 
It is strongly pleochroic (X = dark green, Y = green, L = colourless) 
and displays a 2V of about 90°. / \ 
( 
The anthophyllite is distinguished from the hornblende by 
its parallel extinction, ... It is very fine - grained (:::: . 2 IT111 in length) 
~ . 
~nd occurs as thin, lath-like, subidioblastic crystals wh;ich for .... the , 
most part are oriented subparallel to the main schistosity. The I 
crys~als are also found lying at a high angle to the schistosity. 
The carbonate (calcite?) occurs as sma.l1 (~.5 1T111) xenoblastic 
, 
crystals completely interstitial to the hornblende. The carbonate 
crystals make up as much as 5% of the total rock and are unevenly 
distributed throughout it. They tend to be concentrated along 
irregular linear'iones which cOlTlllOnly He at a high angle to the 
main schistosity. 
The opaques occur predominantly as very fine «.1 n1I1) 
xenoblastic grains irregularly disseminated throughout the rock. 
Rarely they are found as aggregates which appear to be interstitial 
to hypidioblastic hornblende crystals. 
2.2.2.2 Tremolite Schist 
Tremolite schist crops out in two places. In the northern 
area an isolated lense less than 500 m in length was found in the 
core of a megascopic synform. In the southern area the rock crops 
out as a rather extensive unit about 40 m in thickness. It can be 
traced continuously for approximately 3 km along strike. In the 
field the tremolite schist is green to pale green. very fine-grained 
and in places displays a very fine. crenulated fabric (Figure 2. 6) . 
In thin section the "tremolite schist appears to be a 
monominerallic rock composed essentially of tremolite with minor 
opaques. a trace of talc and secondary epidote. The rock generally 
has a crenulated schistosity which is defined by a planar a1hgnment 
of very fine-grained. acicular tremolite. A fine layering is defined 
by reddish-brown discolouration in certain lamellae. In places, on 
a scale of up to 5 mm in width. the fine sch;stose texture alternates 
with discontinuous lenses in which tremolite occurs as coarser, 
xenoblastic. equidimensional to elongate decussate aggregates of 
crystals up to 1 mm in length. 
The tremolite is colourless and generally has an acicular 
habit with an extinction angle (IVc) of 12°. In the finely laminated 
schistose rock approximately .5% of the tremolite is coarser (:::.5 mm) 
than the average grain size. Where they intersect a hinge of a 
crenulation fold, some tremolite crystals cut across the schistosity. 
However, rather than representing a secondary overgrowth of a previous 
fabric. these coarser tremolite crystals were not affected (defonned) 
by the crenulat10n folding. In places the schistosity appears to be 
distorted around these coarser crystals, and in one area a coarse-
bladed tremolite crystal was found broken into three. pi eces with 
each fragment rotated around a small crenulation~old. 
The epidote occurs as an alteration product of the 
tremolite. It is concentrated in the cores of the crenulation folds. 
2.2 . 2.3 Serpentinite ~ist 
Fourteen ultrabasic lenses, which are in large part 
serpentinite, were discovered ranging in siz0rom 20 m X 5 m 
to 600 m X 50 m. T~ey are conspi cuous in/~ fiel d, as weatheri ng 
surfaces are hi9hlY ,COloured in.~hOdes of green. oronge 
and red . 
Two of the bodies occur as thin (1 m wide) layers in the 
amphibolite near the grey schist contact in the northern and the 
southern part of the map area. They are predominantly serpentinite 
with an extremely flattened, well-developed schistosity. The 
serpentinite appears to be talcose in places. 
Two other 1 enses. a 1 so occurri ng ; n the northern an.d the 
southern parts of the map area, outcrop on the eastern limbs of the 
major antiforms. The lense in the northern area is actually at the 
contact of the Hunt River Bel t with the adjacent quartzofeldspathic 
gneiss . These lenses are highly schistose and are predominantly 
composed of fibrous anthophyllite with approximately 10% highly 
sheared olivine or its serpentine derivative . Minor carbonate, talc 
:' 
and magnetite are also present. 
The remaining ten serpentinite lenses are associated with 
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the synforms of the late stage folding. The lenses are variably 
deformed and transposed with an elongate orientation parallel to the 
axial planes of the late stage megascopic folds. Contacts with the 
surrounding amJribolites are generally sharp and locally appear 
intrusive d~O tectonic remobilization. In three of these lenses 
from the-1lorthern area unusual coarse, interlocking growths of 
elongate olivine crystals are preserved in isolated, blocky patches 
surrounded by schi s tose serpenti nite. 
There is considerable ~ariation in the texture of these 
three ultramafic lenses. In general the texture is characterized 
by random intergrowths of fine to very coarse plates of olivine 
crys ta 1 s rangi ng up to 1 min 1 ength. In places the texture cons is ts 
of random intergrowths of large platy olivine with inter-plate 
regions composed of smaller, closely spaced parallel plates of 
olivine crystals (Figures 2.7 and 2.8). In another variation of 
this texture, a completely random network of crystals grows in 
fan-shaped configurations with a number of crystals extending 
out from a cOlTlTlOn nucleus (Figure 2.9). Less cOlTlTlOnly, individual 
• olivine crystals appear to branch out in the same manner. 
Although the ultramafic lenses, in general, have been 
almost completely serpentinized, relics of the original mineralogy 
are preserved in certain of the zones exhibiting the elongate 
olivine textures. Olivine shows alteration to aggregates of 
decussate serpentine and granular magnetite, with partial preservation 
of some crystals. The olivines are massive in nature with fairly 
straight crystal boundaries. The inter-plate regions are cOll1llOn1y 
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FIGURE 2.7: Serpentinite schist showing elongate olivine texture 
composed of random network of crystals. Interplate regions are filled 
with smaller, closely spaced, parallel plates of olivine. Outcrop 
from northern area. 
FIGURE 2.8: Serpentinite schist showing etched weathered surface of 
elongate olivine texture, occurring in same outcrop as Figure 2.7. 
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FIGURE 2.9: Serpentinite schist showing a completely random 
network of very coarse olivine crystals, in fan-shaped 
confi gurati on, wi th open -tri angul ar i nterp 1 ate regi ons. 
Outcrop from northern area near location of Figures 2.7 and 2.8. 
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./infilled with large, often single crystals of interstitial enstatite. 
which displays exsolution lamellae of clinopyroxene. The enstatite 
is largely altered to bastite and fine-grained talc, minor opaque 
oxide and traces of carbonate. Platy brucite intimately 1ntergrown 
with magnetfte occur-s 'as small patches up to 5 rm1 in diameter, 
replacing both 01 ivine and enstatite. Tremol ite, the only other 
essential mi neral constituent. is abundant locally, but is cOlTlTlOnly 
entirely absent in thin section. It occurs as idioblastic to sub-
idioblastic, elongate, decussate patches in the inter-plate regions 
or as radiating fibrous to prismatic crystals up to 4 rm1 long which 
overgrow 01 ivine ,- enstatite grain boundaries. The tremolite appears 
to be a late stage metamorphic crystallization product associated 
with the 1 as t major phase of fo 1 di ng. 
There is no evidence in thin section of a tectonic fabric 
pre-dating the olivine crystals. The fabric that is observed in 
thin section is a result of late stage shearing and recrystallization. 
Olivine crystals oriented at a high angle to the shearing COlTITIOnly 
develop serrated boundaries indicative of intracrystalline slip. 
2.2.3 Meta-sediments 
The meta-sediments are a mi nor, al though si gnifi cant 
component of the Hunt River Belt. The pelitic schist offers the 
best opportunity for establishing the relationships between the 
various phases of defomation. The grey schist is one of the few 
lithologies which exhibits a vertical mineralogical zonation. While 
the mineral assenbl-ages are obviously a result of metamorphic growth 
f 
or recrys ta 11 i za ti on, the zona ti on coi nci des with a bul k chemi ca 1 
variation, which may reflect a primary lithologic control. The 
grey schist is interpreted to be a meta-sediment because of its 
similarity with meta-sedimentary grey schists described from south 
western Greenland (Higgins. 1968) . Of the various types of rusty 
zones described, only the larger mappable units of garnet-biotite-
enriched layers are considered to be of meta-sedimentary derivation. 
It is possible that the smaller sulphide-bearing lenses are local 
zones of secondary enri chment, or they may represent small pockets 
of volcanic exhalative sulphides which are cOlTlllOnly found in 
Archean greenstone belts (Ridler, 1970; Goo~in and Ridler, 1972). 
Taylor (1972) reported observi ng primary bedding and 
dolomite in the Hunt Riv'er Belt, however. during field work studies 
for this thesis no primary sedimentary depositional features were 
found. 
2.2 . 3. 1 Pe 1 it i c S ch is t 
The pelitic schist offers a good opportunity for detennining 
relationships between mineral growth and phases of deformation. 
Unfortunately the rock type is rather 1imi ted in extent. and this 
restricts any regional correlation which may have been possible from 
quantitative analyses. 
One outcrop of thi s rock type occurs in the c'9re of the 
megascopic sy~fonn in the southern area. Differential weathering 
of the minerals has caused the fdioblastic garnets to stand out in 
relief on the surface. giving the rock a hobnailed appearance. 
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This weathering process appears to have been fairly rapid since many 
of the cracks and crev; ces in the outcrop are nearly fi lle~ wi th 
garnets. 
The rock is a medium- to coarse-grained porphyroblastic 
schist. In the field the weathered surface may reveal up to 30% 
fresh-looki ng purple garnet. The schistose groundmass is a 
nondescri pt grey to di rty (rus ty) 1 i ght brown. A di sconti nuous 
layering is defined by alternate layers sever~l centimetres thick 
enri ched in garnet. 
tn thin section the pelitic schist displays exceptionally 
fresh-looking mineralogy. A strong anastomosing schis.tosity is 
( " 
defined ,by elongated flakes of biotite. The layering observed in 
the field is also apparent in thin section, with alternate layers 
enriched in garnet. staurolite or quartz-feldspar. Coarse-grained 
porphyrobl astic crystals of garnet and staurol ite show evidence of 
multiple stages of growth prior to and after the fonnation of the 
biotite which defines the'\Jpain schistosity. 
There are two microstructural characteristics which seem 
to indicate that the pelitic schist was highly sensitive to 
temperature and/or pressure fluctuations brought about by the 
various phases of defomation. Intercrystalline cross-cutting 
relationships and discordant helicitic inclusion trails in por-
phyroblastic minerals indicate that there were several stages of 
mineral growth. Disequilibrium contacts between various mineral 
• I 
phases are also indicative of possible fluctuations in the 
temperature-pressure condit; ons. 
I 
\ 
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The significant mineral assemblages include: 
1. quartz + plagioclase + cordierite + biotite \ S\ 
2. quartz + plagiocl~ + staurolite + garnet 
~ 
3. quartz + biotite + sillimanite. 
These mineral assemblages are intended to represent the 
last stages of mineral growth'. There is evidence from helicitic 
inclusion trails that staurolite and garnet were present before 
the formation of cordierite. However. a much more detailed 
petrographic study of the pelitic schist is necessary before the 
complex chronology of mineral growth can be established with 
certainty. For the present. only general observations based on 
a few thin sections may be stated. 
, 
The quartz and plagioclase for the most part form a 
fine-'grained. xenoblastic. irregular. interlocking groundmass. 
The quartz is much more abundant than the plagioclase and also 
occurs as coarser (::::1 RIll) crystal's in quartz-rich aggregates ~ich 
fonn discontinuou~ lenses throughout the rock. parallel to the weak 
schistosity. The plagioclase is unzoned and poorly twinned 
according to Alb1te and Pericline twin laws. It was not possible 
to approximate the cofr4lo~i tion of the plagioclase opti cally. The 
quartz aggregates mayor may not represent primary sedimentary 
features. however. they do appear to be very early constituents 
which have undergone conSiderable defonnation and recrystallization. 
The bi otite 1s fine- to coarse-grained and occurs as 
It 
subidiof)lastic flakes. The pleochroic scheme is X = pale brown and 
Y =' Z = red brown. Highly coloured pleochroic halos are found around 
I 
c~ 
) 
the numerous very fine-grained zircon inclusions in the biotite 
crystals. Two planar fabrics are defined by the biotite including 
a weak schistosity which parallels certain elongate mineral 
constituents (cordierite and quartz aggregates) and a younger 
,. 
Qominant schistos;'ty which ,Parallels the large scale layering in 
the rock. 
The garnets occur as idioblastic to subidioblastic 
. ( 
porphYl"Oblasts up to 1 an in diameter. They are distinctively 
zoned with an inner core filled wHh numerous inclusions 
(predominantly quartz~ which form straight and cur~nclusion 
trails. The outer rim is relatively free of inClu~lthOU9h 
large inclusions (.2 !lin across) of staurolite. biotite and quartz 
are present in some garnets. 
The staurolite occur's as small (~.5 rnn) xenoblastic crystals 
distributed throughout the rock and as larger (S4 !lin in length) 
subidioblastic tabular crystals with good straight inclusion trails. 
The inclusion trails are randomly oriented with respect to the main 
schistosity defined by the biotite. The subidioblastic shape of the 
staurolite crystals is due to a secondary later stage of overgrowth, 
as the larger crystals display inclusion-free outer rims. 
The cordierite occurs as coarse, extremely poikiloblastic 
poorly defined crystals. It 1s elongate~ to 1.5 ~ in length) 
a,nd generally lies at an angle to the dominant biotite schistosity 
(i.e. parallel to the weaker biotite schistosity). In places the 
large cordierite crystals are fragmented and biotite crystals appear 
to have grown in the fractures. Single crystals are often only 
.. 
• 
I 
\ 
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recognized as single crystals because of the optical continuity of 
the large xenoblastic lensoid patches of cordierite. 
The cordierite may be distinguished form the quartz by 
its biaxial negative character. and from the plagioclase because 
it is in disequilibrium with staurolite and garnet. A reaction 
rim of quartz (?) is present wherever cordierite and staurolite 
are in contact (Figure 2.10). Contacts between cordierite and 
garnet are always obscured by aanixtures of biotite. quartz and 
sillimanite (Figure 2.11). ;, Under high magnification very pale 
yellow pleochroic halos surrounding very fi~e grains of zircon were 
observed. 
The sillimanite is a minor constitue'nt and occurs as 
slightly radiating -clusters of very fine. prismatic fibres 
(fi bro 1 ite). The sill i man i te ; s often found at ga rnet- cordi erite 
contacts (Figure 2.11) but may also be found associated with 
cordierite crystals throughout the pelitic schist. 
2. 2.3.2 Grey Schist 
The grey schist is found only in the cores of the megascopic 
antifonns. where it separates the overlying amphibolite of the Hunt 
River Belt from the underlying horoogeneous gneiss. The upper contact 
with the amphibolite is generally quite distinct but locally it 
appears to be completely transitional. The lower contact was not 
observed in the southern area, while in the northern area it is 
abrupt. 
In the field the grey schist ;s a fine-grained, dirty white 
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FIGURE 2.10: Photomicrograph of pelitic schist showing the disequilibrium 
reaction between staurolite and cordierite (scale X 120). 
FIGURE 2.11: Photomicrograph of pelitic schist showing sillimanite 
(fibrolite) needles growing at a garnet-cordierite contact (scale X 120). 
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to grey rock. Iri places the biotite is altered, giving the 
weathered surface a buff colour. 
The mineral assemblages observed include: 
1. plagioclase + quartz + biotite + hornblende.!. garnet 
2. microcline + quartz + plagioclase + biotite. 
Opaques t zi rcon and spbene are trace accessories while chlorne 
and epidote are conmon alteration products of biotite and hornblende . 
... 
The plagioclase is often quite clouded. 
In thin section the grey schist displays a fine-grained 
lepidoblastic texture defined by elongate, parallel hornblende and 
biotite cnYstals in a matrix of granoblastic quartz and feldspar 
(Figure 2.12). Hornblende, which is abundant near the upper 
' . 
amphibolite contact. is not present in thin sections containing 
microcline, ~ich is most abundant near the lower contact with the 
homogeneous grtei ss. 
The quartz and feldspar occur together as fine-grained. 
granoblastic equidimens;onal to slightly elongate crystals. The 
feldspar is mainly clouded plagioclase where hornblende is present. 
but is predominantly microcline where hornblende is absent. The 
appearance of microcline is accompanied by an overall increase in 
grain size. Individual quartz and feldspar crystals up to 1.5 rTIT1 
across may be found in the microcline-bearing thin sections. 
Fine-grained subidioblastic laths of biotite are ~venly 
distributed throughout the rock and define a strong sChistosity. 
The biotite is pleochroic (X = pale brown. Y = Z =" dark brown) and 
in places it is partially altered to chlorite or epidote. 
I 
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FIGURE 2.12: Photomicrograph of grey schist showing 
lepidoblastic texture defined by elongate parallel 
hornblende and biotite in a matrix of granoblastic quartz 
and feldspar. The biotite is dark brown, the hornblende 
is dark green, and the light green mineral is chlorite 
after biotite (scale X 25). 
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The hornblende occurs as fine-grained (~.5 rrm in length) 
xenoblastic elongate crystals parallel to the schistosity. Black. 
pleochroic halos are found around very fine zircon inclusions 
how~ver, the dominant pleochroic scheme is X ; blue green, Y = green 
and Z = light brown. The hornblende content changes drastically 
across the rock unit. Near the amphibolite contact it forms about 
10% of the' rock. while near the homogeneous gneiss contact 
hornblende is entirely absent. 
2.2.3.3 Rusty Zones 
Rusty zones are ubiquitous throughout the Hunt River Belt. 
They are readily recognized by their typical rusty brown gossan 
• • 
cover, and range in size .. from small lenses several centimetres thick 
and up to a metre long, to large units comparable in size to other 
mappable lithologies. The rusty surfaces are a result of oxidation 
of sulphideS and alteration of variable amounts of biotite and garnet. 
Four distinct associations were observed in the field. 
Large Mappable Units 
There are two occurrences of mappable units. One is found 
in the northern area and one occurs in the southern area (Figure 2.1). 
Both are parallel and concordant with the stratigraphy, and possibly 
represent discrete meta-sedimentary units. The rock is generally 
fine-grained and appears to be significantly more siliceous than the 
, 
adjacent normal amphibolite. Although small lenses occur sporadically 
it appears that the rusty nature of this rock type is predominantly 
I 
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due to alteration of a relatively high amount of biotite and garnet. 
" However, due to the extent of the alteration, as is the case with 
most of the rusty zones, the original mineralogy is almost completely 
obl iterated. 
Small Discontinuous Lenses or Pods 
These smaller, seemingly randomly distributed occurrences 
are variable in size ranging from several centimetres across up to 
five metres across. The host rock for these rusty zones is highly 
variable although it generally seems to be relatively enriched in 
feldspar and quartz. The rusty nature of these occurr~nces may 
be in part due to the alteration of biotite, but appears to be 
primarily the result of oxidation af very fine-grained sulphides. 
In a nlJllber of lenses that were relatjvely enriched in 
fresh sulphide, samples were' collected for polished sytion studies. 
Only the predominant features of the sulphide-bearing rusty zones 
are cons i dered here. 
The sulphides seen in these rusty zones include chalcopyrite~ 
galena, pyrrhotite and pyrite. The galena was found only in a hand 
specimen from a single outcrop and was restricted in occurrence to a 
few small crystals ~5 mm) which exhibited perfect cubic cleavage. 
The most abundant sulphide throughout the rusty zones is pyrite 
which occurs generally as very finely disseminated grains throughout 
the amphibol1tic host rock. In the more enriched zones sulphides 
occur in discontinuous lenses or stringers ~5 mm wide), and 
pyrrhotite is more abundant than the pyrite (Figure 2.13). The 
I 
i 
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FIGURE 2.13: Rounded euhedral white pyrite crystals 
growing in a matrix of light grey massive pyrrhotite. 
In places, the pyrite crystals are fragmented and 
partially replaced by the pyrrhotite (scale X 25). 
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pyrrhotite in places can be seen to be replacing pyrite, possibly 
in response to an early high temperature fluctuation. The pyrite 
fonns small ', highly fractured grains as a result of Hs bri ttle 
response to the defonnation. This contrasts with the . pyrrhotite 
which behaved in a more ductile manner. 
Associated With Faults of Shear Zones 
Thi sis the mos t 1 i mited occurrence of the rus ty zones. 
A further restriction of this association is that the rusty zones 
ar:-e associated only with faults or shears that have a low angle 
with the dominant foliation of the country rock. It .is difficult 
to correlate these rusty zones with any particular lithology. 
No fresh sulphides were observed. 
Associated With Ultramafic Rock Units 
Almost all of the ultramafics exhibit associated rusty 
zones, either along the contact with the amphibolite or within 
~ the ultramafi c but near the margi ns. The majority of these rus ty 
* zones are simply local zones which are heavily enriched with garnets . 
. 
In some ultramafic bodies tremolite-rich zones display visible 
sulphideS including pyrrhotite and chalcopyrite. 
2.3 QUARTZOFELDSPATHIC GNEISS COMPLEX 
Unders tandi ng the geologi cr--development of the quartzo-
feldspathic gneiss terrain is one of· tPte most challenging aspects 
. I 
" 
of this thesis. In the field the gneisses are hignly variable 
I ". 
I 
I 
I 
i 
, 
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structurally and mineralogically. Five major types of gneiss were 
distinguished according to field relationships, microstructures 
and dominant mineralogy. These types of gneiss may be broadly 
outlined on a megascopic scale, however it should be kept in mind 
that the contacts between the gneiss types in Figure 1.2 are v~y 
approximate and in places intercalation of gneiss types occurs 
over tens of metres. It is interesting to note that the gneisses, 
as subdi vi ded in the fiel d, exhibi ted distincti ve bul k chemi c,al 
compositions "(Chapter 3, Section 3.4.1). 
The majority of gneisses are considered to be orthogneisses 
derived from a plutonic suite of rocks. although minor meta-
sedimentary and meta-volcanic slivers may be found intercalated 
with the orthogneisses. This intercalation ~ok place during 
an early stage of tectonic interleaving (Chapter 4, Section 4.1.2) 
and involved the banded gneiss. The homogeneous gneiss, mixed 
gneiss and agmatite did not achieve their present aspect until 
further pl utoni c and tectoni c episodes of deformation took place. 
Unfortunately. time allowed for little more than 
reconnaissance scale mapping of the g'neisses, and this was largely 
confined to 'the east and northeast of the Hunt River Belt. 
" . 
Excellent exposure continues east~rd to the Labrador coast. a 
distance of 30 km, and lends itself to future detailed studies of 
the gnetsses and their defonnation and metamorphism. 
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2.3.1 Banded ~neiss 
-We 11-banded tonal i ti c gnei ss fonns the most abundan t rock 
type in the gneissic terrain. It is readily identified by the 
conspicuous presence of alternate layers enriched in felsic minerals 
and layers enriched in m~fic (predominantly hornblende) minerals 
(Figure 4.2). The bandi ng is generally on a scale of 2 - 3 em thick. 
however the size o·f the hornblende-enri ched 1 ayers grades from 
several millimetres in thickness to fairly large units of amphibolite 
schist tens of metres thick: Throughout the banded gneiss terrain 
there ·ihevidence (such as'numerous intrafolia1 folds) of a long 
and complex defonnational evolution. 
The dominan1( gneissic layering of the banded gneiss was 
inherited during the last intense penetrative defonnation which 
involved both the gneissic terrain and the Hunt River Belt. Thi~ 
defonnation resulted in a tectonic inter1e~ving or intercalation 
of toe bandedgne.iss and the meta-volcanic amphibolites. The 
large lense~ of amphibolite sch'ist outcropping within the banded 
gneiss terrain are '· therefore ,interpreted to be tectonic schlieren 
. 
derived from the Hunt River Belt. Whereas the larger amphibolite 
units retain same of their pre-intercalation character. many of the 
smaller uni ts are completely· transpose-d and i'ncorporated into the 
gnei 5S i c bandi ng . . 
The pelydeformational history of the banded gneiSS preclude • 
. 
· any interpretation., its original character. The mafic component 
of the banded gneiSS may have been derived. in part. from contamination 
(tectol1ic interleaving) with mafic rocks from the Hunt River Belt. 
... 
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Alternatively, the mafic material may represent defonned diabase 
dykes, or mafic differentiates of the gneissic protoliths. 
In thin section the following mineral assemblages were 
recogni zed : 
1. hornblende + qtJartz + plagioclase 
2. hornblende + quartz + biotite + microcline. 
Trace accessories include zircon, sphene, apatite, metamic allanite 
and opaques. Epidote and chlorite are conrnon alteration products 
of hornblende and biotite respectively. 
The microstructures are gener~lly heteroblastic and fine-
to medium-grained. The mafic layer's are composed predominantly of 
mosaics of hornbl~de and plagioclase, while the felsic layers are 
relatively enriched 1n quartz. 
The hornblende occurs as medi\ITI- to coarse-grained 
r . 
(S2 rrm across) hypidioblastic crystals in mafic-enriched layers 
with plagioclase, and as fine-grained (~.1 rrm) xenoblastic crystals 
in pla9ioclase-quartz-enri che'd layers. Well-developed amphibole 
. .', 
cleavage is pres~nt and the pl,eochroic scheme is X = dark green 
to blue green, Y ,: green and Z = pale green to pale brown (X>Y>Z). 
The plagioclase is fine- to medium-grained. xenoblastic, 
and displays irregular curved boundaries with quartz and hornblende. 
It is well-twinned according to Albite, Pericline and Carlsbad 
twin laws, however extensive alteration to seri.cite and epidote 
made an opt; cal detennination of its composition di ffi cult. In 
one relatively fresh thin section the plagioclase was measured at 
An'35 hOlllever, a range of An values is to be expected throughout 
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the banded gneiss. 
The quartz conmonly displays strong undulatory extinction 
in rounded xenoblastic crystals and has seured self-boundaries 
in quartz-rich aggregates. " . 
Biotite occurs as fine-grained highly chloritized 
subidioblastic flakes less than .1 nm in length, oriented parallel 
to the gneissic banding. The occurrence of biotite (~1 - 2%) 
is restricted to rocks which are relatively enriched in quartz. 
Microcline, apart from its occurrence in secondary 
pegmatite veining that often parallels the gneissic banding, is 
sometimes present as very fine ~enoblastic gr,ins in thin sections 
which contain biotite that has been completely chloritized. 
2.3 . 2 Homogeneous Gneiss 
The homogeneous gneiss (granodioritic to trondhjemitic) 
is predominantly a coarse-grained, strongly foliated quartzo-
feldspathic gneiss containing 5 - 10% biotite. The gneiss is 
distinguished from the banded gneiss by the lack of a well-
developed leucocratic - melanocratic banding, although in many 
places a gneissic banding is present as a result of parallel 
pegmati·te veining. 
The largest single unit of homogeneous gneiss (2 km X 12 km) 
lies to the east of the Hunt River Belt (Figure 1.2). The 
northwestern boundary is extensively agmatized while the southwestern 
boundary is in fault contact with the banded gneiss. The entire 
wes tern boundary of the homogeneous gnei ss has also been ex tens i ve 1 y 
\ 
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reworked tectonically to fonn, in par:t, the "mixed gneiss". 
El sewhere, the homogeneous gnei ss crops out in the core of the 
megascopic antifonn in the northern area, and also in the 
northern part of the thesis area. 
The homogeneous gneiss is greatly affected in places 
by extensive discordant pegmatization related to the development 
of the agma tite to the nort~as t. 
The homogeneous gneiss is less complexly defonned and 
is thought to be younger than the banded gnei ss. On a regi ona 1 
scale there is a complete lack ~f mesoscopic to megascopic 
amphibolite schlieren contained within it, and this would not 
be the case if the horoogeneous gnei ss had been present at the time 
of the early tectonic interleaving. 
In thin section the following mineral assemblages were 
found: 
1. quartz + plagioclase + biotite 
2. quartz + plagioclase + biotite + microcline 
3. quartz + plagioclase + biotite + microcline + hornblende. 
Euhedral to subhedral apatite and sphene, rounded zircon and metamict 
allanite are conmon accessories. The fine-grained allanite ;s 
almost always su-rrounded by an alteration rim of highly birefringent , 
epidote. An unusual feature of the allanite is that in places 
the surrounding quartz and feldspar is penetrated by a series of 
radial crack.s up to 2 nm in length. extendfng outward from the 
allanite crys~ls. These crack.s resulted from expansion of the 
allanite due to alteration and hydration (Deer, Howie and .Zussman. 1966) . 
. . 
I 
t 
.' 
.! 
, 
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The ~omogeneous gneiss di~plays a medium- to ~oarse­
grained inequidimensional heteroblastic microstructure. A strong 
foliation is defined by the parallel alignment of laths of biotite 
and, to a lesser extent, by the alignment of irregular elongate 
crystals of quartz and feldspar. Elongate accessories (apatite 
prisms and sphene) also parallel the foliation. 
Quartz occurs as very fine rounded grains completely 
enclosed in feldspar, and as coarse-grained (~3 11111 across) 
xenoblastic elongate to amoeboid-shaped grains, and shows 
undulose extinction in some thin sections. 
The plagioclase (An 30 ) is predominantly xenoblastic, 
medium- to coarse-gt:"!ined, with curve(j although irregular grain 
boundaries. Many of the plagioclase crystals are elongate and 
are oriented with their long axes parallel to the foliation defined 
by the biotite. The plagioclast! is well-twinned and highly 
variable in the amount of alteration to very fine-grained sericite. 
Biotite occurs as subidioblastic medium-grained flakes 
.. 
(.1 - 111111 in length) which are aligned to give the homogeneous 
gneiss a prominent foliation. The pleochroism is X;: pale brown, 
y ;: Z;: very dark brownish green. The biotite is cO/TlllOnly al~red 
to colourle,s epidote. 
~crocline is present in almost every thin section. 
However, when hornblende is present the potassium feldspar appears 
to be an untwinned orthoclase. The microcline occurs as unaltered 
medium- to coarse-grained xenoblastic crystals exhibiting cross-
hatched or tartan ~inning. Grain boundaries are curved to lobate. 
,' '\.,. 
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They are concave when in contact with quartz and convex when in 
contact with plagioclase. 
Hornblende rarely occurs. It is found as coarse-grained 
(2 - 3 11111 across) pale green granoblastic crystals in thin sections 
. , 
that are also characterized by relatively high alOOunts of sphene. 
Based on their field relations and microstructures the rocks 
conta'1ning hornblende are incl~ed in the homogeneous gneiss 
unit, indicating that the honx>geneous gneiss lithology actually 
comprises petrographically distinct kinds of rocks. 
2.3.3 Mixed Gneiss 
The mixed gneiss is actually a number of dis,crete gneiss 
types which a~' intercalated on a scale of several metres and 
cannot be meaningfully separated on a 1:50,000 scale of mapping. 
It outcrops extensively t,o the east of the Hunt River Belt, always 
as linear zones separating the homOgeneous gneiss from t~e banded 
gnei ss (except where in fault contact). 
The mixed gneiSS comprises a series of well-banded; 
granodioritic and hornbleifcle-biotite-rich units which are inter-
calated with layers of banded gneiSS and homogeneous gneiss. 
From the field evidence it appears that the mixed gneiss 
may have attained a large part of its present character during the 
magmatic e~lacement of the granodioritic protolith to the 
hOlOOgeneous gnei ss. Ouri ng the emplacement, sheets of granodiorite 
were injected into the country rock (banded gnehs terrain), Post-
':. 
homogeneous gneiSS deformation has obscured many of the original 
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I 
field relationships. It is possible, fO~ example, that the 
intercalation of rock units may in part e a result of tectonic 
processes (interleaving or folding). Al 0, the occurrence of the 
baAded granodioritic gneiss and other gn iss types peculiar to 
the mixed gneiss terrain points 
well as tectonic evolution. 
and complex magmatic as 
Although the mixed gneiss t examined petrographically, 
a chemical study was undertaken" (Chapter , Section 3.4 .. 1) in order. 
to detennine the geochemical relationship of the mixed gneiss to 
the other gnei ss types. 
·":' e,., Th~nes of mixed gneiss prove very useful in establishing 
the structural chronology of the thesis a For example, in the 
mixed gneiss terrain, post-homogeneous gne deformation can be 
readily observed because thin layers·of ho geneous gneiss are 
hi gh ly folded by the deformati on. ts of the same deformation 
~ould be difficult to observe in the homoge eous gneiss terrain. 
2. 3.4 Agma t i te 
\ 
There are two occurrences of agmatl te in the thes is area. 
Agma ti te crops out ina north to northeas terly trendi ng 1 i near zone 
about 2 km wi de X 10 km long i no the northeas tern part of the thes is 
area' (Figure 1.2). It coinci~s with the axial trace of the folded 
megascopic synform. Agmat1te; also crops out in the core of the 
megascopi c anti form in the nqrth. Agmati te as def; ned here compr; ses 
. 
paleosome fragments wh1 ch a ... completely enclosed by a leucosome. 
The proportion of the leucosOme varies from about lO~ to as much as 60% . 
• 
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The agmatite varies structurally and texturally along 
its extent. Only the major variations are briefly noted here 
and there is no attempt to classify or subdivide the mesoscopic 
structures.according to existing classifications. 
Leucosome 
The leucosome is predominantly a very coarse-grained 
quartz-feldspar (plagioclase + potassium feldspar)-biotite rock 
which in places appears allOOst pegmatitic. A peculiar characteristic 
of the quartzofeldspathic leucosome is that it contains a relatively 
strong anastomosing fabric. In contrast, paleosome fragments are 
highly angular and lack this fabric (see Figure 4.15). This 
indicates that the leucosome was emplaced during a tectonically 
active period. Emplacement during the latter stages of tectonism 
appears to be the most logical answer to the juxtaposition of a 
tectonically defonned leucosome and a relatively undeformed 
paleosome. 
Paleosome 
The agmatite is developed within both amphibolite schists 
and quartzofeldspathlc gneisses. In the' amphibolite hor.Jzons·the 
leucosome fraction is generally 10% of the outcrop. The paleosome 
fragments are fairly lar~, up to 5 - 10 m across, and tend to be 
tabular or rectangular in shape. Within the gneissic terrain, 
~spec1ally 1n the highly folded ga.eisses, the leucosome fraftion 
.h 
fonns about 50S of the outcrop. The paleosome fragments are 
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noticeably smaller (5 m across) and are more irregular in shape. 
~he agmatite zone becomes increasingly deformed as the 
roc~~it is traced from the south to the north towards the nose 
of the ~SCOPiC synfonn. The paleosome fragments become' 
stronglY~defOrmed into large augen shaped structures. The 
'v 
enclosing leucosome in this area exhibits a fairly well-developed 
gneissic banding: This gneissic' banding is probably inherited 
from tectonic mixing of the leucosome and completely assimilated 
paleosome fractions. In places where the augen shaped gneissic 
fragments are preserved, the gneissic banding of the paleosome 
is clearly discordant, to the surrounding tectonic fabrics. 
2. 3. 5 Anorthositic Gabbro 
A small body of intensely deformed anorthositic gabbro 
outcrops in the banded gneiss south of the Hunt River Belt 
(Figure 1.2). In the field the rock is light grey to white in 
colour, medium-grained and exhibits a strong foliation. A 
coarse gneissic banding 1s not deve-loped, although a strong 
schistosi~ is defined by intricately layered discontinuous 
lenses ~~ mmacross} of plagioclase and green hornblende. 
The extent of this rock type and its field relationship 
to the banded gneiss was difficult to establish, however it does 
appear to be structurally conformable with the country rock 
gneisses. The anorthos1tic ~abbro compares favourably with 
Archean anorthos 1 te found elsewhere, in Labrador (cf. Wei ner, 1975). 
The Archean anorthos1t1c bodies from Labrador are generally 
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regarded to be comparable to occurrences from West Greenland 
described by Windley (l96~) and Bri dgwater et!l. (1973c) 
(Co 11 erson et !l., 1975). 
The mineral assemblage is: 
1. plagioclase + hornblende. 
Accessories include trace amounts of zircon and opaques. A small 
amount o'f quartz may be present also but it is restricted to thin 
veinlets parallel to the foliation and it is considered to 
secondary. ; Red-brown biotite occurs as an alteration product 
of hornblende and it is further altered to light green chlorite. 
The microstrLtctures are granoblastic, medium- to coarse-
grained and are composed of alternating thin lense-like aggregates 
of xenoblastic hornblende which alternate with aggregates of thin 
\ 
layers of xenoblastic to subidioblastic plagioclase. 
The plagioclase (An6S) averages 1 - 2 mm in grain size. 
The crystals are zoned and exhibit both Albite and Pericline 
twinning. Extensive alteration to sericite . has affected th. 
plagioclase and tends to accentuate the zoned nature. The zoning 
is also delOOnstrated by uneven extinction and appears to be 
concentric in some crystals, parallel in others and irregular in 
the remaining crystals. It is difficult to say if the zoning 
represents an igneous fractionation remant or whether it is a 
resul t of metamorphi c recrys tall i za tion. 
The hornblende is generally coarser in grain size (1 - 3 mm 
across). It occurs both as xenoblastic to subidioblastic crystals 
in IOOnominerallic aggregates forming thin discontinuous layers or 
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lenses up to 5 mm in thickness and as fine- to medium-grained 
xenoblastic crystals distributed throughout the plagioclase-
enriched fractions. It displays irregular to concave boundaries 
with the plagioclase and appears interstitial in places. The 
hornblende exhibits good amphibole cleavage and its pleochroic 
scheme is X = green. Y = light green and Z = pale brown (X>Y>Z). -
2.4 BORDER ZONE 
A large part of the Hunt River Belt including the 
northwestern part and much of the eastern area is in direct fault 
contact with the quartzofeldspathic gneisses. The contact 
relations along the southwestern portion of the Belt are poorly 
exposed. Throughout much of the remaining contact region the 
quartzofeldspathic gneisses are separated from the Hunt River Belt 
by a series of unique lithologic rock units forming a border zone. 
These lithologic units crop out asymmetrically and bound both sides 
of the Belt. A pink muscovite gneiss crops out within the megascopic 
anti formal cores of the Belt. and a variable quartzofeldspathic 
gneiss crops out along the outer margin of the Belt. 
If the adjacent gneisses are older than the Hunt River Belt. 
then they may have served as basement to the meta-volcani cs. and 
major structural unconformities may have been present. If the gneisses 
are younger than the Belt. then intrusive contacts, either sharp or 
gradational may have been present. The gneisses could also have been 
in part derived from a sedimentary or silicic-volcanic fraction of 
the supracrustal belt. In this case the original contacts ,would have 
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been confonnable to begin with. However. during early intense 
.. 
defonnation all primary discordant lithologic contacts w.ere either 
completely obl iterated or deformed to such an extent that. they now 
appear confonnable and are very difficult to discern . 
2.4 . 1 Pink Muscovite Gneiss 
In the field ttre pink muscovite gneiss is a very distinctive 
litho.logy. It is fine- to medium-grained. salmon pink in colour and 
has a strong planar fabric defined by platy quartz and foliated mica . 
..:~ 
The mi ca (muscovi te) is not randomly di s tri buted throughout the rock 
but is concentrated in 4iscrete. very thin. sem;:-continuous laminae. 
This imparts a very good widely spaced cleavage to the rock along the 
• I · 
mlcaceous laminae. 
The pi nk muscovite gnei ss crops out as a thi n conspi cuous 
unit averaging 3 .. 5m in width and mappable over a total length of 
. 
. about 8 km. It is restricted to the cores of the megascopic antifonns. 
In the northern 'antifonn it separates the overlying grey scMst from 
the underlying homogeneous gneiss (Figure 2.14). In the southern area 
it occurs completely within the grey schist and does not appear on 
the solid geolo,gy map. Figure 1.2. because the exposure is in a 
vertical cliff face. On a mesoscopic scale the pink muscovite gneiss 
~ 
iss tructura 11 y con fo rmab 1 e with adj acen t rock types. however, on a 
megascopic scale it appears to exhibit a regional discordant 
. . 
relationship with the grey schist. 
The mineral assemblage . of the' pink muscovite gneiss is: 
1. quartz + plagioclase + microclin~ + muscovite + garnet. 
. \. 
j 
- 63 -
/ 
FIGURE 2.14: Contact between the Hunt River Belt and the 
pink muscovite gneiss in the northern part of the thesis 
area. The outcrop is on the north-western limb of the 
megascopic antiform, looking towards the northeast. A small 
sinstral fault is apparent in the hornblende-bearing grey 
schist by the offset concordant pegmatite layers. 
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A fine dusty scattering of accessory opaques also occurs. 
The fine- to medium-grained microstructure is inequigranular 
and grano,blastic. The quartz and feldspars form an interlocking 
xenoblastic matrix in which foliated muscovite and coarse-grained 
platy quartz define a strong planar fabric . Grain boundaries are 
curved and are commonly mutually embayed. 
The quartz has two hab its. I t occurs as fi ne- gra 1 ned 
xeno~,last1c't9 spherical crystals intimately mixed with the feldspar, 
and as' large (up to 1 RIll thick X 1 em in diameter) platy crys.tals · 
which lie parallel to the aligned mica. The large platy quartz 
• 
crystals exhibit irregular undulose extinction, and the fine-grained 
crystals display relatively even extinction. 
The plagioclase (An 10) occurs as fine- to medium-grained 
xenoblastic crystals in a quartz-feldspar mosaic. It is also found 
. as subi diobl asti c crystal sin pl agioclase ' monomi nerall i c aggregates. 
Carlsbad, Pericline and Albite twins are common and there ;s negligible 
alteration. The plagioclase crystals are generally slightly elongate 
parallel to the foliation. 
Microcline occurs as fine- to medium-grained xenoblastic 
'II' 
crystals with well-developed cross-hatched twinning. Grain boundaries 
are curved aft"d generally embayed to quartz and plagioclase, which 
gives the crys.tals an interstitial appearance. 
The muscovite, which is pale green in hand specimen, is 
colourless in thin section. Thin micaceous laminae are comprised of 
single thin subidioblastic laths (~l II1II 1n length) al1gned end on 
end. 
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The garnets are fine-grained «1 nm across), xenoblastic 
elongate to oval shaped .and are oriented with the-i-r long axes 
parallel to the foliatio--n . . 
2.4 .2 ' Variable Quartzofeldspathic Gnefss 
I , 
, ' Along its eas,tern boundary the Hunt River Belt is separated 
~ from the qua...tzofeldspathic gneiss , complex by ' a variable bijt distinct 
: '",- ' (' rih,)Ogy of qua~tzof~ld,spathic, gneis,s. The gneiss varies from 
5 - 40 m ' in thic~ness " and has quite a ' sharp and concordant contact 
: .~ (' 
with theamphibolites (Fi'gure2.1i). ~It exhibits a similar contact 
with othe banded gn'ei~s to the east. 10 the north, this border zone 
l~nit 1-S tin!!-grJ~ned. whi'te and quar,tziti-c-lookj,ng in the . field. 
Further souttt, through the middie·.of theinap'a~a" the unit remains 
, " f1n~-gra1ned bwt appears to be" relative'ly enriched in potassitn 
f~ldspar an4 t~kes on a pink celour. lJl,..the~ south the uni t contains 
" . 
• 
signif1cant= amounts CSf hornbl~nde and a regular . alteration of pink 
II J . ' .' .. ' • 
. tp, reddis.~ fe lsi c ~ands and black maf1 c bands 1-s promi nent. , 
. '. Miner-a1 assed>lage~ include: 
c 
1. . qu~rtz. + p 1 agi ac lise 
2. ·quartz+ 'plagiocl ase + hornblende + microci.ine 
3. q~artz'+ p1agio~lese' + microc) 1ne + musco'vite 
. . ~ ~-. . 
4. plagiocl,se '+0, ho~lende + quartzy 
t." , . '\.. -
. . . T~ lIi;,er.l asselllblages above show the variati on 1 n li tho logy 
from the north to south. Microstructures are also, hi9l'1y varied from 
, . . 
north to south. re'flecting tI1e changing lithology. Ep1dote is a 
" co.)n .. se_rY "m1 ne~al and i~ COlllllOf\lY~Ound coating jOint surfaces . 
• 
• 
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FIGURE 2.15: Contact between the variable quartzofeldspathic 
gneiss and the meta-volcanic amphibolite of the Hunt River 
Belt. Photograph is taken near the southern extension of the 
eastern limb of the . megascopic antiform in the north, looking 
towards the northeast. Note the leucocratic layering in the 
amphibolite and the thin dark zone of hornblende-enrichment 
right at the contact. 
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In the north (mi nera 1 assemblages 1. and 2.) the 
microstructures are granoblastic equidimensional mosaics of 
fine-grained quartz and feldspar with minor (~1%) green hornblende . 
and microcline. In contrast to microstructures in the pink 
muscovite .gneiss, the grain boundaries are highly irregular and 
<! . 
appear to be catac1astic. 
Further south near the middle of the Hunt River Belt 
(mineral assemblage 3.) hornblende disappears. tartan-twinned 
microcline increases and fine-grained subidioblastic ribbons of 
colourless muscovite appear. The change in mineralogy is 
accompanied by a general increase in grain size giving the rock 
a heteroblastic texture. Grain boundaries are much more regular 
however the rock is penetrated by numerous fine fractures whi ch 
are filled with a very fine-grained mixture of quartz. feldspar 
and epi dote. 
I n the south. eas t of the megascopi c an ti form. the vari ab 1 e 
quartzofeldspathic gnei ss crops out as a med1Ln- to , coarse-grained 
pink banded ·gn~iss (mineral -assemblage 4.). The microstructure is 
heterob las t1 c a5 i nd1vi dua 1 crys ta 1 s range from 1 ess than .1 mil up 
to 2 l1li in lengtt\. There is an un us ually large amoun~ of zi rcon 
and sphene (::.5S) occurring with trace rectangular opaques. No 
potassium feldspar ~sobserved in thin section. . The plagioclase· 
is thoroughly clouded. although relic p'Olysynthetic twinning is 
. . l 
still recogniiable in most crystals • . The hornblende is pleochroic 
in shades of green and brown. The quartz exhibits strong irregular 
undulose extinction pattems. The ro~ is penetrated by a1 arge 
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nunber of very fine fractures, and the mineral constituents display 
cataclastic textures. 
2.5 INTRUSIVES 
The selection of rock types irclucted in this discussion 
is somewhat arbitrary, -since most of the various gneisses are 
interpre~d to have been derived originally from plutonic rocks . 
. 
Only those intrusives which have discordant contact relationships 
,with the country rock, or which retain recognizable igneous textures 
are included in this section. 
2.5.1 Meta-quartz-monzodiorite 
The meta-quart~-monzod; ori te occurs as two di s t; nct bod; es . 
One ; s found ; n the northern area and one is found in the southern 
area. It is largely fault bounded with the adjacent amphibolite. 
In t1ie field the rock' is homogeneous! well-foliated.and has a 
pronounced 1 i near fabri c. It 1 s fi ne- to medi IIII-grai ned and 
composed of about 40 - 60% hornbJende and porphyr; ti c feldspar 
crystals up to 1 an in diameter. Tabular feldspars are occasionally 
found and are al1gned(while the majority of feldspar crystals have 
been defonned into ,an augen structure which gives the rock a coarse, \. 
anastomOsi ng planar fabri c (Fi gure 2.16). Ttle 1 i near fabri c. 
defined by elongate mineral constituents. overprints 
~ 
augen foliation. and in both bodies it parallels.)the 
of the IllegasCQpi c,synfonns. : 
" 
...-
th/Planar 
Ii . 
fold axes 
--
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FIGURE 2.16: Glacial polished surface of quartz-monzodiorite 
showing the anastomosing planar fabric on a surface nearly 
perpendicular to the lineation. Pencil is marked off in cm. 
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In thin section the following miner.al assemblages were 
" observed: 
1. hornblende + plagioclase + quartz + biotite 
\ 
2. hornblende + plagioclase + quartz + biotite + microcline. 
Accessories inC'lude s-phene. apatite, chlorite. epidote and trace 
carbonate. 
The rock is dark in appearance due to the high hornblende 
content. In places the feldspars take on a pinkish colour but this 
seems to be a reflection of the amount of alteration of the 
. :"-, ... 
plagioclase. While the igneous textures are locally well-pres-erved, 
exhibiting euhedral ,porphyritic feldspars, more cOlTlTlOnly the feldspars 
have b~en deformed and augened: 
The hornblende. pleochroic from green to blue gree" to 
. brown. is highly variable in size. The larger crystals (approximately 
5 RIll ;n diameter) are generally very poikilitic and cORlOOnly display 
a zoned nature. 
The quartz and feldspar in the less deformed rocks displays 
a fresh interlocking mosaic igneous texture, although a planar fabric 
is deti ned by an a 11 gnmen t of the mi ca fl akes-. 
The biotite is generally completely altered to chlorite 
but some brown biotite is preserved in some of the fresher rocks. 
2.5.2 Granod1 or1 tEi 
" One- sma 11 body of granodi or1 te croppi ng out in the southwest 
probably repMtsents the youngest igneous pluton; c intrUsion in the map 
/ 
area. The outcrop is c1pcular, approximately 500 m 1n diameter, and 
- 7 
is fault bounded along the southwestern margin. The rock is 
medill11- to coarse-grained and in the field it appears to be 
composed essentially of pink feldspar and quartz. with minor 
mafics. In certain places near the margins, a penetrative 
schistose fabric is seen defined mainly by a parallel orientation 
. 
of the mafic minerals, and to a lesser extent, by elongation of 
the quartz and feldspar. The nature of this fabri c (igneol,Js or 
metamorphic) is uncertain, as the actual contacts with the 
surroundi ng gnei sses are either no t exposed or are obscured by 
pegmatites. However, the fabric does appear to be roughly parallel 
to the contacts wi th the country rock. 
In thi n secti on the granodi ori te was seen to be composed 
mainly of plagioclase with about 30% quartz and trace biotite. The 
texture is allotriomorphic-granular and consists of an irregular 
mosaic of interlocking medilJl1- to coarse-grained crystals. Minor 
areas of cataclastic texture are noticeable along some of the quartz 
boundaries. 
The feldspar is predominantly a thoroughly clouded 
plagioclase up to 2 II1I'I in width. Relic polysyntheti~ ahd Carlsbad 
twins are often present, however it was not possible to make any 
accurate composition determinations optically. There is no primary 
,. 
potassillll fe1dspar'present, although some microcline was found 
fonning small r along quartz-plagioc1 ~se contacts. 
The~uartz occurs as smaller crys,tals 0-:1.5 11m) 
displays marked undulose extinction. 
and 
The mafic mineral component is' fine-gr,ained biotite. It 
,. 
"'. 
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occurs as thin to stlll1PY flakes approximately .5 ITIl1 in length. 
The biotite js altered to a 'mixture of chlorite an1t--epidote. ) 
2.5.3 Mafic Dykes 
Mafi c dykes have intruded at var; ous stages throughout 
much of the tectonic history of the thesis area. Unfortunately. 
the early deformations were of a very intense and penetrative 
nature. Thus. ma fi c dykes whi ch intruded prior to the forma ti on 
of the main gneissic banding (S1) are rarely preserved. Relatively 
undefonned 'post-tectoniC" diabase dykes are more widespread. 
,., 
.... 
2.5.3.1 befonned Dykes 
" 
The i ntensi ty of penetrati ve deformation duri ng the early 
tectonic interJeaving (01) was such that pre-D1 structural or 
igneous elements are r4rely preserved. To the north of the Hunt 
Ri ver Belt an important small zone of pre-01 quartzofe 1 dspathi! 
gneiss was found preserved within the banded gneiss terrain. The 
gneiss in the preserved zone 1s a weakly banded hornblende-bearing 
quartzofeldspathic gneiss which is mineralogically identical to the 
banqed gneiss. ' The weak 1y-deve loped layeri ng is subpara 11 e 1 to the U 
dominant layering in the banded ,gneiss. however actual contact 
relations are obscured by overburden. 
The important feature of 4the preserved gneiss, is that 'CC 
contai.ned within it are a nlJYOer of irregular amphibolite pods and 
lenses which are interpreted to be deformed intrusive dykes. These 
amphibolite pods, are discontinuous irregular units up to 1 metre in 
. ' 
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thickness and several metres in length. They are highly discordant 
to the weak layering, and numerous apophysis-like branches extend 
out into the gneiss (Figure 2.17). The signif.icance of these 
deformed dykes and their contribution to the structural chronology 
' :, 
is discussed in detail in Chapter 4, Section 4.2. 
~.5.3.2 Post-tectonic Dykes 
At least two ages of relatively undefonned post-tectonic 
, 
diabase dykes are presept in the thes's area including an older 
NW - SE trendi ng set and a younger NE - SW trendi ng set. The dykes 
are generally fresh, ' fine~ to medium-grained, non-porphyritic and 
,- have very fine-grained chilled margins. Their orientations appear 
to be controlled, by the two major fault or, joint systems also 
trending NW - SE and HE - SW. Al though ' dykes S2 m are cOlllllOn 
throyghout the thesis area, only the largest dykes are shown on 
the sol,id geology map (Figure 1.2). 
Petrographically the dykes exbibit very fres~ oph1tic to 
sub-ophitic diabasic textures defined by euhedral lath$ of partially 
altered plagioclase (An 35- 5S) and interstitial pyroxen~ and olivine 
,(Figure 2.la). Both pale green diopsidic pyroxene and light brown ' -~#-""\ 
augite were identified, although not in the sa_ dyke. 
The older NW - SE set of dykes shows evidence of having 
been emplaced under sOiewhat tectonically active conditions. In 
pl aces where the dykes cut quartzofel dspathi c gnei sses,. the gneisses 
appear to have partially melted and ~mobi11 zed along zones parallel 
and adjacent to the d1ke contact. These remobi11zedzones are seldom 
• 
} 
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FIGURE 2.17: Exposed outcrop of light coloured, weakly-banded 
hornblende-bearing gneiss i'n the banded gneiss terrain. The 
weak fabric runs approximately from left to right in the photo. 
The irregular black amphibolite pod lying at a high angle to the 
gneissic fabric is one of several similar pods which are 
interpreted to be deformed intrusive mafic dyke. 
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FIGURE 2.18: Photomicrograph showing fresh ophitic textures. Grey laths 
of plagioclase are embedded in interstitial yellow augite. Some euhedral 
olivine is also present. (scale X 120). Photo of post tectonic diabase dyke. 
FIGURE 2.19: Diabase dyke (far right) - quartzofeldspathic gneiss contact 
showing remobilized zone. A small rounded xenolith of the dyke is visible 
(arrow) below and to the right of the pencil (marked in cm). The gneissic 
layering is visible on the left side of the photograph. 
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more than 2 m in thicKness. A portion of this remobilized zone 
is shown adjacen t to I chi 11 ed margi n of a dy~e in Fi gure 2.19. 
The gneissic layering at the far left of the photograph becomes 
di ffuse and di sappears 30 em from the dyke. I n other areas the 
remobil i zed gnei ss clearly i nt_~des the di abase dyke, and 
angular fragments of the dyke are found in. several stages of 
... 
being broken off to be included' as xenoliths in the remobilized 
.. 
rock. Where the older NW - SE trending dykes cut through 
amphibolite schists, a large amount of shearing appears to be 
,associated with the dyke emplacement. MOre cOll'lTlOnly the effects 
of the shearing are found along the dyke margins. In Figure 2.20 
. , 
for example, a sinstral movement is evident along th,e western contact 
of a NW trending dyke. At this outcrop a chilled margin is still 
recognizable, however in pla~es the shearing has obliterated the 
actual con tact)arel Y, in the centre of the dykes, thin layers 
of highly SCh(stose fine-grained amphibolite occur and probably 
formed in response to the same stresses which deformed the dyke 
margins. Thermal effects were not recognized in the meta-volcanic 
amphibo-lites. 
The younger HE - SW trending set of post-tectonic dykes 
are characteri zed by unus-ual jointing features. The joints are 
.,. . 
generally nonnal to the dyke-country rock contact. The resul tant 
joint systems are ~ly rectangular, and vertically exposed dyke 
sections sometimes show a spectacular 'buildi~block' structure. 
Elsewhere the joi~tlng is of the columar variety (Figure 2.21). 
The individual columns ~ften approach perfect hexagonal symmetry. 
.. ( 
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FIGURE 2.20: Diabase dyke (left side) showing a sheared 
contact with a foliated amphibolite. 
FIGURE 2.21: Post tectonic 
(post-D4) diabase dyke, e~hibiting 
large hexagonal columnar jointing 
pattern. 
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2.5.4 Pegmatites 
Pegmati tes and quartz veins are conmon throughout the 
thesis area and range in size from thin bands 1 - 3 mm in thickness 
to megascopic bodies up ~o 500 m in thickness. 
The earliest recognizable pegmatites occur as small layers 
(commonly boudinaged) which are co-planar with the dominant gneissic 
~ banding (51)' These pegmatites, up to 10 cm in width, rarely s~ow 
discordant relations' with the gneissic banding (51) except where 
intrafolial folds are preserved. 
It appears from the field evidence (Chapter 4, Section 4.6.4) 
that much of tne pegmati te associated wi th the younger phases of 
' folding (F2, F3, and ~4) was emplaced syntectonically and axial planar, 
to the different periods of folding. These pegmatites are in places 
very large (500 m thick) and show evidence of having been folded and 
deformed (development of tectonic fab 
The youngest pegmati tes in 
to varying intensities. 
'\ 
s15 area have intruded 
along late stage fault planes. They are generally very coarse-grained 
(indiv.idualfeldspar crystals ran'ge up to 10 em across) and are 
-
un de fonned . 
All the early pegmatites observed display a relatively 
, 
, I , ' 
simple mineralogical assemblage and are composed of quartz + K-fe-ldspar 
'---"' . 
+ plagioclase ~ biotite'.' The la,te stage pegmatites associated with -
; " ~fau1ting.however are c;thtinctive in that they contain lar~ boo~s 
l..~uscOVi te ('S6 em thl ck) and are blot; te free. • ' 
Pegmatl tes are often extremely useful in unravell 1ng the ' 
I~cmn:c hismry of • polydefonn.d gnofssic terrain. A di s cordan t 
",CJ I 
. . , ., , 
, I 
I 
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! 
, 
pegmatite ar quartz vein may often provide the critical evidence 
necessary for identifying two separate yet co-axial and/or 
co-planar phases of defannation. The use of pegmatite and quartz 
veins in developing the chronological structural history of the 
Hunt River Belt is discussed in Chapter 4. 
/ 
- -- , 
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3.1 INTRODUCTION 
The full value of a geochemical study of a particular 
geological environment can~ realized only when the data is interpreted 
in conjunction with a sound knowledge of the field relations of the 
rocks involved. This is most important in geochemical studies of hi gh" 
grade gneiss terrains. The main difficulties encountered in such 
studies are: 
1. mobility of elements du~ing metamorphism, 
.; 
2. contamination of rocks through pegmatite veining, and 
, 
3. structurally controlled interlayering of completel y unrelated 
rock units on a scale as small as tens of centimetres. 
Interpretations in the following geochemical -discussion are 
based on a thorough knowledge of the structural and metamorphic 
development of the Hunt River Belt. 
3.1.1 Analytical Methods 
Major and trace elements were analyzed in 92 specimens from 
the thesis area. Representative samples were selected from all the 
rock types descri bed in Chapter 2. The rock specimens showed very t 
little alteration in thin section and were free of secondary quartz 
and epidote veins. Some difficulty was encountered in collecting 
~resentative samples from the quartzofeldspathic gneisses because 
or thei r coarse pegmati te vei ni ng and mesoscopi c heterogenei ty. 
The major oxides Si0 2, Ti0 2, Al,i03' total Fe, MgO, CaO, 
K
2
0, and trace elements were analyzed using x-ray florescence methods 
wi th a Phi 11 ips PW 1220c computeri zed spectrometer. MnO and Na 20 
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were Qetermined by sfandard atomic absorpbon procedures using a 
Perkin Elmer 303 Atomic Absorption Spectrometer. FeO was determined 
by visual titration following the method of Maxwell (1968). Fe 203 was 
then calculated using the FeO (total iron) value derived from the XRF. 
L~ss on ignition was determined by heating .5 gm of -200 mesh powdered 
sample in a Thermolyne furnace. Precision and accuracy of the 
analytical methods are given in Table...3 ;~. 
3.2 HUNT RIVER BELT 
The Hunt Ri ver Belt offers an exce 11 ent opportuni ty to study 
in detail critical problems related to the geological evolution of early 
Archean supracrustal sequences within high grade gneiss terrains. Such 
problems include: (1) assessing the relationship of the ultramafic 
lenses to the amphibolites (meta-volcanics) and determining if the 
ultramafic lenses originated as contemporaneous extrusives within the 
volcanic pile, or as sills intrusive into the volcanic succession, 
(2) determining the primary nature of the amphibolites, and (3) . assessing 
.. 
the nature and environment of deposition of the minor, although significant 
meta-sediments in the supracrustal sequence. 
.... 
The chemical characteristics of the mineralogical variations 
in the amphibolites are described and the limitations of applying the 
data to a geochemical evaluation are discussed. The Hunt River meta-
volcanics are also compared to other volcanic terrains in order to 
.-----
evaluate the chemistry in tenns of the tectonic environment of deposition. 
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TABLE 3.1: Precision and accuracy of analytical data. 
Oxide (wt. %) N R X 5 
5i0 2 16 53.21 - 54.86 53.97 
.2097 
Ti0 2 16 2.20 - 2.24 2.22 
.0014 
A 12°3 16 13.51 - 13.85 13.70 
.0119 I 
Fe 203 16 12.44 - 13.45 
13.18. .1023 \! i 
MgO 16 2.95 - 3.83 3. 36 .0566 li ~f 
if 
CaO 16 6.n - 7.08 7.03 .0004 Ii ~ 
K20 16 1.66 - 1.77 
1.72 .0006 
if 
P205 16 6.32 - 0.47 
0.37 .0008 ; ; 
• 
El el)1€nt (ppm ) 
Zr 7 117 - 135 125.4 6.43 
5r 7 91 - 100 94.6 3.21 
Rb 7 49 - 53 50.3 1.60 
Zn 7 25 - 26 25.7 0.49 
Cu 7 13 - 18 15.7 1. 70 
Ba 7 964 - 1073 1018.1 44.12 
Nb 7 12 - 16 14.0 1. 53 
Ni 7 11 - 12 11.6 0.53 
Cr 7 10 - 19 11.4 3.33 
N Number of detenni nati ons 
concentration obtained 
· / 
.,/ 
• 14-7 
J 
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FAUL T 
OUTLINE OF HUNT RIVER BELT 
SAMPLE LOCALITY 
o 1 2 3k.m 
FIGURE 3.0: Localities of geochemical samples. 
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3.2.1 i)1trarnafics 
,/ 
;' The chemical analyses of the ultramafic rocks are presented in 
Table 3.2. When the major elements are plotted on silica variation diagrams 
(Figure 3.1) the altramafics lie in fields distinct from those occupi~ by 
the amphibolites. 'ftre',,-ultramafics are strongly depleted in all trace 
elements except Ni and Cr, which are anomalously high (averaging 2000 ppm and 
3000 ppm respectively). This contrasts with the trace element distribution 
in the mafic volcanics (cf. Tables 3.2, 3.5 and 3.6). The three ultramafic 
schists show clear geochemical and mineralogical differences~ however, the 
hornblende and tremolite schists lack meaningful field relations and therefore 
they'do not warrant further chemical study. 
Considering the ultramafics as a whole, the chemical data suggests 
that the ultramafics and amphibolites are not syn-volcanic. Thayer (1967), 
in a study of an 'alpine-type' ultrabasic-basic association, demonstrated a 
completely transitional chemical relationship between peridotites, gabbros 
/ 
and basalts. Likewise, Glikson (1970) showed that the volcanics of the 
Archean Kalgoorlie System, Western Australia, included a series of rock types 
chemically transitional from ultrabasic anp basic rocks into intermediate and 
acid rocks. If the ultramafics were genetically related to the amphibolites 
in . the Hunt River Belt, a transitional trend between the two should be 
apparent. The ultramafics show chemical characteristics quite different from 
the amphibolites and thus are interpreted to have intruded as sills or sheets 
after the deposition of the main bulk of the supracrustal sequence. 
3.2.1.1 Serpentinite Schist 
A geochemical study of the serpentin'~e schist was undertaken 
.. 
, 
! 
i 
1 
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TABLE 3.2: Che'mical analyses and c.r.p.w. Nonns of Ute ultramafic 
rocks from the Hunt River Belt. • 
IOtIlll EII>E TlIOOllTE 
SERPENTINITE SCHIST SCHIST SCHIST 
WJ-n- 10 ICC 100 lOE IOf lOW " 44A 441 83 8lA lC 7C Z50 . 
S102 38.60 43.90 38.20 39 . 10 43 .40 37.80 38 . 20 36.20 37 . 10 35.80 43.66 46.63 46 .78 
H02 O. OS O.OS 0.08 0.02 0 .02 (UO .. ~ 0.10 0.05 0.06 0.41 0.46 0.43 
10.1 2°3 1.00 0.64 O. J.4 0.64 1.20 1.43 1.66 1.35 0 . 80 0.44 3.64 4 . 52 7 .93 
F@293 6 . 58 6. 63 8.32 3.911 4.15 5.27 5.88 8.98 7. 63 7.63 2.47 1.08 1.19 
F.o 3.92 2.14 4.111 1.44 4.20 2.32 6 . 42 5 . 87 2. 08 2.26 9.79 3.09 8 .66 
MnO 0 . 08 0.13 0. 06 O.OS 0 . 13 0.06 0.19 0 . 23 0. 05 0. 65 0 . 21 0.21 1. 70 
~O 38.52 36 . 44 39 . 70 . 40.44 36 .74 39 .41 35.36 34 . 52 39 . 41 39.41 17 . 74 21.58 21. 9.1 
CaO 0. 08 0.35 
---
0.22 1. 51 0.30 0.63 1. 76 0 . 59 0.67 11. 59 15.42 4. 78 
"'-20 O. W 0. 11 0 . 10 0.08 0. 13 0.08 0. 08 0.08 0.08 0.07 0.23 0.48 0.10 
~o 0. 01 0 . 01 0 . 01 0 .01 0 .01 0'.01 0. 01 0 . 01 0. 01 0. 01 0.05 0 . 08 0 .02 
P20S n . • . n .•. n •• . n .• . n .• . n .• . n . • . n .lII. n . RI . n .• . 0. 16 0.20 0.09 
L.O. I. 11.96 9.12 13 . 42 13 . 50 8 .73 12.76 11. 38 11. 18 13 . 14 13.58 7.86 4.90 S.70 
TOTAL 100 . 89 99.59 100 . 08 100.05 100.20 99 . 53 100 .20 100 . 27 100 .9')( 99 .96 97 .81 98 . 61 §9 . 18 
,. 
Zr (PPIII) 16 \4 12 18 18 16 22 21 14 14 27 26 2~ 
Sr 25 23 21 24 31 25 22 23 23 22 50 52 25 
Rb 15 15 12 15 16 15 14 . 11 11 16 13 13 13 
Zn 38 43 29 30 52 37 90 84 25 30 39 65 126 
Cu 30 39 . 9 9 31 13 10 7 7 B 694 185 2~ 
S. -- . ; .... 2 -- f -- 24 17 20 -- 36 28 23 
Nt! 8 9 6 10 9 II 8 9 8 7 9 8 9 
"1 2512 1724 "'2921 2125 1731 1858 1667 1283 2543 2279 647 372 424 
Cr 3236 3618. lO59 3251 4022 37011 2736 3086 2263 2339 2362 3068 2285 
l 83 III 83 ~ 83 113 83 83 83 415 664 166 H 300 300 480 120 1 599 1199 599 300 360 2458 2758 2578 KlRb 6 6 7 . 5 6 6 8 8 5 32 51 13 
--I'-,--C r p W Nonns ~ ....Q . 
Or 0.07 0.06 0 . 06 0.07 0.06 0.07 0 .07 0.07 0.07 0.07 0.33 0.50 0 . 13 
Ab 0. 95 1.~ 0 .92 O. 8 1.19 0.711 0 .76 0.76 0.77 0.68 2.16 4.31 0 .90 
An 0. 46 1.35 0.07 1.28 2.119 1. 72 3.53 3.68 2. 04 0.98 9 .69 10 . 55 22.49 
,. 
Co 0.75 0.16 0.11 0.114 0. 41 
01 0 .• 5 4.12 4.76 1.01 2.21 42 .41 54 . 38 1.72 
Hy 32 . 92 56 .49 29 .10 :JO .87 42 .53 27.117 J2 .39 22.77 23 . 06 18 . 42 24 .32 3.92 60.82 
01 53.30 30.20 55 .63 60 . 00 41.69 59.23 52.18 52 . 48 61. S4 65 . 11 15 .29 22.56 10 .49 
!Itt 10. 67 7.01 13.11 4.65 6. 53 7. 51 9 . 51 14 . 54 7. 05 9. 97 3. 97 1.66 1.84 
11 0 . 11 0.10 0.17 0.04 0.04 0. 22 0 .43 0 . 21 0 . 11 0. 13 0.86 0.93 0. 87 
He 2.46 1.39 0.86 3.79 I.. -- -- --
Cr 0. 71 0.86 0.72 0.11 0.94 0.91 0.66 0.74 0.55 0.51 0.56 0.70 0.52 
n... not_1In'H 
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and ultr_f1c rocks fro. the Hunt Ri ver Belt. 
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because in outcrop it common+y exhibits strikingly fresh-looking 
blocky patches of euhedral, elongate olivine crystals as shown in 
Figures 2.7, 2.8 dnd 2.9. Textures in ultramafic rocks characterize~ 
by extremely coarse skeletal, platy or blade-like crystals in olivine 
and pyroxene have received much attention in the recent past. The 
major occurrence of these textures, known as 'spinifex', is found 
associated with Archean ultramafic lava flows (Viljoen and Viljoe"n, 
1969a; Nesbitt, 1971; Pyke et"!L., 1973). Harrisitic textures, 
comparable in many respects to the spinifex, are less commonly known 
but are nonetheless well documented (Robins, 1973; Donaldson, 1974). 
Similar textures are also postulated to have been produced by 
metamorphic processes (Matthes, 1971; Oliver ~~. , 1972; Evans and 
TrolTlllsdorff, 1974). 
Chemical analyses of rocks from three of the lenses which 
exhibit these textures are presented in Table 3.2. Four of the analyzed 
specimens (WJ-73-10D, -10C, -10E, and -lOF) retain varying amounts 
(up to 30X) of the original mineralogy (olivine and orthopyroxene) 
and exhibit undeformed, large, elongate crystals. Specimens WJ-73-83 
and -83A are completely serpentinized but still display recognizable 
coarse bladed crystal textures, in a highly deformed state. The 
---.., 
"-
remaining rocks are.completely serpentinited, highly schistose, with 
no preserved coarse crystal texture. No major differences in bulk 
chemistry between the variably altered and the deformed rocks are 
revea 1 ed in Table 3.2. ) 
When analyses from Table 3.~e plotted on a MgO-CaO~A1203 
ternary diagram (Figure 3.2) together with analyses of ultramafic rocks' 
I 
, 
• 
- 88 ..; 
• 
• 
~----~~----~------~----~~----~50 
Alz 0 3 
o HUNT RIVER BELT 
BARBERTON JlDUNTAI N LA~, SOUTH AFRI CA 
• (V1ljoen and V1ljoen, 1969, Table 1. analyses 1-8) 
SCOTIA API) MT. IDA. AUSTRALIA 
v (Nesbitt. 1971. Table ll. analyses 1-4.5 and 6) 
JItINRO AND DUNOONALD TOWNSHIPS. CANADA 
.. (Pyke et .!l., 1973, Table 1. analyses 1-3, 6 and 7) 
FIGURE 3.2: MgO - CaO - A1 203 ternary diagram comparing the Hunt River 
Belt serpentinite schist to spinifex-bearing ul tramafi c rocks from -
Canada. Australia and South Africa. 
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from South Africa (Vi1joen and Vi1joen, 1969a; Table I), Canada 
(Pyke et ~., 1973; Table 1) and Australia (Nesbitt, '1971;' Table 2) 
it is apparent that the Hunt River analyses differ markedly from 
occurrences elsewhere. They lie close to the MgO apex and show a spread 
towards the CaO-A1 20. base whicR may be indicative of a fractiona'tion 
trend towards 'the other 1 ess MgO-ri ch, but s ti 11 u1 tramafi c, 
compositions represented i~ the analyses from the other terrains. 
The CaO content of olivine from the Hunt River Belt (Table 3.3) 
.. 
is significantly lower than values quoted for igneous olivine from 
Barberton Mountain Land, South Africa (Nesbitt, 1971) and Munro Township, 
'tanada (Pyke et ~., 1973) and is similar to values quoted for olivines 
;runequ;voca1 metamorphic origin (Oliver et ~., 1972; Trorrmsdorff 
and Evans, 1972). This could be accounted for by the fact that the 
absolute CaO contents of olivine in ultramafic rocks is largely 
controlled by the availability of CaO in the host rock and.by the 
composition of other phases in the system. 
Comparison of CaO(host rock)/CaO(olivine) ratios shows that ' 
the Hunt River values fall within the range of values obtained from 
olivine which crystallized.from ultrabasic igneo~s melts (Table 3.4). 
These values are lower than those obtained from the available data for 
olivines which were formed in metamorphic systems (Table 3.4) 
In considering the nature of the elongate olivine textures 
from the Hunt River Belt two important points should be kept in mind. 
1. Any original igneous intrusive relations or morphological structures 
such as flow tops formed during the emplacemen'tlof the ultrabasics 
have been largely destroyed during metamorphism and tectonism and 
. 1 
. 1 
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TABLE 3.3: Mic.roprobe , analysis of olivine 
from ultramafi c rock WJ-73-10E (Table 3.2). 
Si0 2 39.01 
Ti02 0.00 . 
A1 203 0.00 ) FeO 10.25 
.. 
MgO 50.23 
MnO " , 0.16 
CaO 0.02 
.", 
TOTAL 99.67 
1) 
Structura 1 fonnul a based on 4 oxygen atoms: 
Si 0.965 
Tf 0.000 
Al 0.000 
Cr 0.000 
Fe2+ 0.212 ' 
Mn 0.003 
Mg 1.853 
Ca G.OO1 
Fo (lIiIolecular percent) = 89.6 
Analyst : ~. C. Klein, Jr. 
Analysi8 ave1'Qge of two spot anaLyses 
~ 
..... ,;> 
/" - "-'. 
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TABLE 3.4: Comparison of CaO(h t k) I CaO( 1" ) ratios. os roc 0 lVlne 
Locality Source Ra ti 0 
I GNEOUS ROC KS 
Hunt River Belt thi s thes i s 11 . 00 Ii 
" 
Pyke et a 1 .• ( 1973) 10.32 l· Munro Township 
Munro Townshi p Pyke e t_9.1 . , (1973) 15.59 ~ 
j. 
Nesbitt (1971 ) 61.39 
, 
Ba rberton Moun ta inLand 
META~RPHIC ROCKS 
Ma 1 enco (Italy) TrolTJT1s dorf f and Evan s (1972) 60.00 
Ma 1 enco ( Ita 1 y ) T rOlTJT1s do r f f and Evans (1972 ) 115.00 
Ma 1 enco (Italy) J rOITJT1S do r f f and Evans ( 1972 ) 195.00 
- -~----.---- - - -- _ .. _ . . _--
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therefore the Labrador field relations of the ultramafic rock s are 
of little value in determining their original environment of 
. 
formation (cf. Pyke et ~., 1973; Donaldson, 1974). 
2. Since the rise in populari,ty of Archean ultramafic lava flows with 
'quench textures' and spinifex textures (Viljoen and Viljoen, 1969; 
Williams, 1972; Pyke et ~. , 1973) there has been a tendency for 
workers studying the North Atlantic Craton to ~cribe ultrabasic 
lenses associated with amphibolitic rocks as having originated as 
co-magmatic lava flows (Bridgwater et~., 1973a; Bridgwater, 197(); 
Dawes, 1970). If any of the elongate olivines in the serpentinite 
s chist formed during the initial deposi\ion of the volcanic protoliths, 
then the preservati on of the textures through such a pro longed and 
intense history of deformation is remarkable indeed. 
There has been considerable discussion about the origin of the 
ultramafic and ultrabasic lenses from southwestern Greenland . Rivalenti 
and Rossi (1972) suggest as 'alpine-type ' origin while Mi s ar ( 1973 ) 
considers the lenses to be part of an ophiolite series . The se 
interpretations are based mainly on indirect field evidence, as primary 
igneous relations and textures have been completely destroyed by the 
intense nature of deformation and metamorphic recrystallization, 
In the Hunt River Belt the ultramafics are th ought t ll have 
been emplaced at a period in time after the main vo lcanic sequence wa s 
deposited. This interpretation is based on several lines of evidence . 
The presence of discordant contacts between certain of the ultramafics 
and the amphibolites (Figure 2.5) s uggests an intrusive relation between 
the two rock types. The bulk major and trace element patterns of the 
" 
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ultramafics are completely different from the chemistry of the 
amphibolites (Section 3.2.1). Certain of the textures involving 
euhedral olivines with interstitial enstatite bear a strong resemblance 
to an igneous cumulate texture, which could explain some of the 
chemical peculiarities of the rocks found, for exampl~, in Figure 3.1. 
A comparison of olivine CaO content of rocks from the thesis area 
with igneous olivines and metamorphic olivines (Tables 3 . 3 and 3.4 ) 
shows tha t a strong corre 1 a ti on exi s ts between igneous 01 i vi ne s and 
the elongate olivines from the Hunt River Belt. 
3.2.2 Meta-volcanics (amphiboJJ _te_~J 
Geochemical variations in the Hurtt River meta-volcanics may 
reflect primary lithological variations in the original protoliths, or 
may be the result of metamorphic segrega~ion of elements during the 
deformation and metamorphism of the Belt. 
In geochemical studies carried out on other Archean volcani c 
terrains metamorphosed to greenschi s t or amphibolite facies (Clifford 
and McNutt, 1971; Smith and Lonqstaffe, 1974) it is generally as s u~d 
that metamorphism is largely isochemical (Glikson, 1970, p.398). 
Chemical trends apparent in certain of the linear and triangular 
variation diagrams therefore are interpreted to reflect original 
volcanic differentiation trends. 
The metamorphic grade of the thesis area is predominantly 
within the amphibolite facies, although retrogression to greenschist 
facies occurs locally. There is no evidence to indicate that the rocks 
have been influenced by crustal migration of certain elements (U, Th, 
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K, Rb, Ba) either in response to a previous granulite facies 
metamorphic event or by an unexposed underlying granulite facies 
terrain. 
3. 2. Z. 1 Chemical Control on Mineralogy 
Chemical analyses of the three major groups of amphibo1ites 
are presented in Tables 3.5 and 3.6. The three groups are characterized 
by their distinctive bulk chemistry. The diop s ide-bearing amphibolite 
is readily distinguished by a relatively high CaO content (averaging 
13.751 ) compared to an average CaO of 10.90-Z: for the normal amphibo1 ite. 
j ' , 
The diopside-bearing amphibolite exhibi 't s J1atively low 
.:;."1 
Ti02 (0.631,) 
and FeO (8.90%) compared to normal amphibolite with Ti0 2 and FeO 
averaging 1.05% and 10.60% respectively. The garnet-bearing amphibolite 
.~ also characterized by a relatively low CaO content of 7.991,. Other 
~ 
chemical characteristics of the garnet-bearing amphibolite include 
high Si0 2 (avera~ing 52.22% compared to 48.30% Si02 for normal amphibolite) \\1 
and slightly lower A1 Z03 and MgO contents than the other two varietie s 
o f amp h i b 0 1 i t e . 
These chemical-mineralogical relations are very s imilar to 
those observed in southwestern Greenland. Kalsbeek and Leake (1970), 
in il study of basement gneisses and amphibo1ites in an '5rea between 
Ivigtut and Frederikshab, concluded that the mineralogy was strongly 
dependent upon a suitable lithological composition. Metamorphism in 
the area is interpreted to have been isochemica1 (Rivalenti, 1975a) 
and thus the distinctive chemical groupings may well represent 
lithologic variations in the oriqina1 volcanic pile. The garnet-bearing 
• 
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-------. " ,JABLE 3.5: Chemical analyses and C.I.P.W. Norms of the normal 
'--- -
amphibolite from the Hunt River Belt. 
IONl I\IIIPII IIIOl IT£ 
1IJ-73- 118 13 24 321 J9C 540 54E 57 59 60 2068 Z07 
SI02 ~.12 4fi.3fi 49 .6547.11 48.12 SO . 54 « . 40 49.4fi 47 .98 49.78 '7 . 93 SO . 10 
TIOZ 1.00 0.89 1.20 1.09 0 . 69 0.97 1.59 0.72 1.05 1.22 1.40 !l . 83 
A1 203 15 . 36 15.73 14 . 16 15.72 14.66 14.72 13 . 95 13 . 70 14.85 15.00 13 . 34 15.29 
FI203 0.93 2.54 1.28 1.71 1.11 1.89 3.74 3.32 1.61 3. 16 2.81 0.76 
FtC 10 .65 9.92 10 . 78 10 . 60 10.43 9.41 14.97 9.SS 10 . 55 9 . 72 11.11 9.72 
~ 0. 23 0.22 0.20 0.24 0 . 21 O.ZO 0 . 31 0 . 22 O. ZO 0 . 34 0 . 22 0.18 
1490 8.13 8.05 5. 77 6 . 71 6 . R2 6 . 00 5. 29 7 . 41 5 . 22 4.'28 6 . 96 7 . 17 
C.O I1.ZO 11.58 1.-1.90 9 . 16 12 . 18 11.98 9 . 00 11.00 10 . 37 10 . 27 10 . 69 11.51 
"'ZO 2.38 2.05 1.92 2.68 1.951.48 2.911.94 1.45 2.90 2. 29 1.57 
~O 0.210 . 93 0.190.580 . 210.170.350. 190. 15 0 .520.490. 15 
PZ05 0. 26 0 . 31 0.21 0.27 0 . 26 0.26 0 . 27 0 . 20 0 . 60 0 . 22 0 . 22 0.26 
L.O. 1. 2. 32 2. 4fi 1.79 2.87 3.'122. 17 2. 59 1.99 1. 89 2.131.791.81 
TOTAL 100. 79 I01.D4 99 . 05 98 . 74 99 . 66 99.79 99 . 06 99.64 95 . 92 99.63 99 . 22 99.35 
l r (ppm) 50 
5r 94 
Rb 27 
I n 100 
Cu 61 
BI 1ZO 
NIl 
NI 104 
Cr 394" 
1743 
Tl 5996 
K/ Rb 65 
Q 
Or 1. 26 
At> ZO .44 
An 31. 06 
PIe 
Co 
50 
116 
.'J6 
104 
30 
14fi 
8 
126 
464 
77ZO 
533fi 
214 
5.75 
17.58 
31. 39 
01 
Hy 
01 
"t 
11 
Cr 
19 . 5O ZO . 40 
10.07 O.~ 
13.67 18.31 
1.37 1.73 
1.93 1.71 
0.09 0.10 
0.61 0.73 
51 
147 
17 
64 
226 
74 
10 
87 
144 
1577 
7194 
93 
2. 59 
1. 15 
16 . 70 
30.27 
24.21 
ZO.28 
1. 91 
2.34 
0.01 
O.SO 
60 
151 
30 
83 
81 
156 
10 
108 
S89 
4815 
6535 
161 
3.57 
21 . 63 
30 . 37 
12.63 
12.56 
11. 72 
2.58 
2.16 
0.13 
0.65 
39 47 54 
R4 lOS 224 
18 15 20 
R4 93 123 
60 73 119 
81 134 114 
9 10 10 
117 110 72 
583 294 11 
1743 1411 2906 
4137 5815 9532 
97 94 145 
C. I. P.W. Nonns 
6.28 
1.:>'81.032. 14 
17 . 06 12 . 82 25 . 43 
31.60 33.80 24 . 76 
24 . 12 
17.95 
416 
1.66 
1.35 
0.11 
0.62 
ZO . 99 
19.70 
2.81 
1.119 
0. 06 
0.12 
16 . 59 
2.32 
19.39 
5.60 
3. 12 
0.65 
43 
86 
15 
7J 
92 
55 
10 
85 
97 
1557 
4316 
104 
2.47 
1. 15 
16.79 
28 . 75 
21. 15 
n.S7 
4.92 
1.40 
0.02 
0 •• 
55 
ttl 
15 
83 
125 
79 
9 
117 
311 
1245 
6295 
83 
6 . 45 
0 . 94 
13 . 04 
35.67 
21.'7 
25 . 27 
2.48 
2. 12 
0 . 07 
1.48 
62 
115 
25 
127 
52 
135 
10 
80 
349 
4317 
7314 
173 
1 . 88 
3.15 
25 . 17 
27.06 
96 
309 
15 
114 
97 
169 
11 
105 
261 
4068 
8393 
271 
2 . 97 
19 .87 
25.30 
19c92 22 . 95 
15.14 17 . 14 
4 . 29 
4.70 4 . 18 
2 . lI! 2. 73 
0 . 08 0.06 
0.52 0.52 
43 
88 
21 
78 
94 
108 
12 
107 
"24 
12"5 
4976 
59 
3. 06 
0 . 91 
13.61 
35 . 07 
17.95 
25.95 
1.13 
1.61 
0 . 09 
0 . 62 
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TABLE 3.6: Chemical analyses and C.I.P . W. Nonns 
of garnet-bearing amphibolite and diopside-bearing 
'..,phibolite from the Hunt Ri ver Belt. 
IiMIIET -lEAR I IIG 
~IIOlITE 
WJ-lJ- 11 215 2 
DIOP5IDE-1EAR11IG 
AMPHiBOlITE 
7A 8 Z8 157 
5102 53.6! 51.« 51.61 49.21 49.65 48.80 49 . 11 50.49 47.18 
T102 0.54 1.4() 1.64 0.66 0.70 0. 64 0.12 0.62 1.01 
A1 20) 13 . 3712.82 13 . 16 15 . 07 14.7~ 14.3515 .1214. 6014 . 83 
f e203 2.07 6. 8J 1. 10 1. 48 1. 35 1. 44 2. 1Mi 0 . 68 1.68 
feO 10 . 76 11-:'21 14.94 8 .89 9. 14 8 . 78 9 . 46 7 . 92 9 . 51 
MIlO 0 .20 0.21 0.2.6 0.23 0.22 0. 21 0 . 20 0.23 0 . 20 
"vO 3.96 3.84 4 . 24 8.91 6.167. 56 4 .95 6.274 .98 
C.O 8.69 8.59 6 . 70 13.11 13.24 15.51 12 . 30 14 . 18 14 . 12 
.... 20 2.59 1.48 2 . 58 1.« 1.40 1.49 2.05 1.372. 38 
l70 0. 41 O. 27 0. 44 0 . 40 O. 14 O. 13 O. 35 0 . 56 0 . 7Z 
P
Z
05 0. 12 0 . 17 0.20 0.07 0.25 0.09 0 . 38 0.32 0.32 
L.O.1.2 . 41 1.29 2. 10 1.13 2.781.65 2.56 2.12 3 . 10 
TOTAL 99 .74 99.55 98 .97 100 .60 99 .81 100 . 65 100 . 58 99 . 27 100 . 03 
Zf" (~) 67 52 
Sf" 72 46 
Rb 17 15 
Zn 110 157 
Cu 1~ 4() 
a. 158 70 
.., 9 9 
'" 48 41 
Cf" 46 18 
K 3404 1411 
T1 9232 8393 
KlRb 200 94 
Q 
Or 
Ab 
All 
... 
Co 
01 
~ 
01 
Itt 
11 
Cr 
All 
9.88 
2. 48 
22.52 
24 . 30 
16.20 
11 . 23 
3.01 
3.00 
0.01 
0. " 
62 
87 
20 
114 
11 
144 
8 
52 
34 
~53 
9832 
182 
39 
99 
22 
74 
130 
184 
9 
!H5 
625 
)321 
3957 
151 
41 39 
80 101 
14 16 
86 72 
27 97 
182 3C 
10 9 
110 115 
751 547 
1162 1079 
4196 3838 
83 67 
C I. P . W. Nonns 
5.83 4.04 
2 .68 
22 . 53 
23 . 77 
2 . 37 
12.Z4 
33 . 62 
O. ft5 
12.19 
)4 .62 
0.78 
12.72 
32.38 
n .... 
164 
t5 
104 
61 
29 
n .•. 
90 
181 
290fi 
4134 
194 
3.25 
2. 11 
17 . 71 
31.66 
7.119 25 . ~ 25 .94 :16.68 23.41 
31.96 17 . 90 18.22 9 . 57 14 . 28 
4.62 4.21 
1. 65 2 . 15 2. 01 2. 11 4. 23 
l.21 1.62 1.37 1.23 2.40 
0.01 0 . 14 0. 17 0.12 0.04 
0.. 0.16 0.60 0.21 0.90 
.. 
39 !II 
110 • 172 
29 39 
67 97 
123 160 
125 164 
9 9 
115 97 
5711 345 
464q 5977 
3717 6055 
160 153 
3.38 
3.4() 4 . 39 
11.91 17.31 
32.91 Z8 . 51 
1.87 
30.71 34 . 69 
14 . 58 
7. 90 
1.01 2 . 51 
1.21 1.98 
0.13 
0.76 0.77 
• , 
f 
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amphibolites. however. may have acquired some of their distinctive 
chemistry through contamination by mixing with sediments (Kalsbeek 
. 
and Leake, 1970). This may also account for the formation of the 
garnet-bearing amphibolite in the Hunt River Belt. 
Although trace elements may not have a significant control 
on the mineralogy, it is interesting to note that the three amphibolite 
types in the Hunt River Belt display no systematic variation in trace 
element contents. The only exception is that the garnet-bearing 
amphibolite is quite depleted in Ni and Cr, which may also be a 
result of mixing with sediments (Heier, 1962). 
3.2.2.2 Major Element Chemistry 
Chemical analyses of representative amphibol ites from the 
Hunt River Belt are given in Tables 3.4 and 3.5. They display a 
restricted range of Si09, values (49 %-52%) which is similar to other 
Archean volcanic terrains (cf. Rivalenti, 1975a ) . The Si0 2 frequency 
curve for the Yellowknife Group in the Slave Province (Baragar, 1966, 
p.21) shows a maximum at about 52% and falls off very sharply with 
increasing silica. Volcanic belts in the Kalgoorlie-Norseman district 
of the Eastern Goldfields region. Western Australia, are made up of 
basalts (Si02 51%) almost to the exclusion of"intennediate rocks 
(Hallberg. 1972). In .~contrast. major oxide frequency curves for the 
Noranda Volcanic Belt in the Superior Province (Baragar. 1968) display 
a relatively large proportion of intennediate and felsic volcanics. 
Plots of major oxides against S;02 are shown in Figure 3. l. 
A1
20 3 and MgO appear to decrease with increasing Si0 2 • however the 
98 -
relatively strong linear pattern shown by A1 203 may be in part due 
to the restricted range of A1 Z03 values, as well as reflecting a 
true chemical trend. The plots shown by FeO + Fe Z03 , CaO, Na 20 and 
KZO show no distinctive variation with Si0 2 which suggests' that these 
elements reacted to metamorphism with a relatively higher degree of 
mobility than A1 203 and MgO. 
Variation diagrams in Figure 3.1 are not, by themselves, 
very useful in interpreting the primary chemical character of the 
meta-vol'canics. They do indicate that metamorphism has affected the 
chemistry to such an extent that any linear or curvilinear differentiation 
patterns which may have been present are virtually obliterated. They 
also indicate that some of the more fundamental chemical differences may 
have been preserved (Gunn, 1975). Therefore chemical plots in which 
certain broad 'fields' or 'areas' are significant may be more useful 
in understanding the geochemistry of the meta-volcanics. In this way 
a certain amount of metamorphic homoginization of the chemistry would 
not significantly alter the overall position of the plots of the analyses 
in the diagrams. For example. by plotting the t0t-a 1 alkalies (Na 2 + K20) 
against Si0 2 (as in Figure 3.3) the analyses may}~ either in an 
alkaline field or a sub-alkaline field. The two fie'~s are so broad that 
small scale migration of elements would not move the ~lots. unless they 
were right-on or very close to the MacDonald and Katsura (1964) dividing 
line. from one field to the other. Indeed, metamorphism and metasomatism 
would have to be very intense to move the majority of sub-alkaline plots 
into the alkaline field. In Figure 3.3 the Hunt River amphibolites 
plot well into the sub-alkaline field. Therefore. even though subjected 
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(Figure 3.3 -A) 
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• 
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FIGURE 3.3 A: Na20 + ~O - Si0 2 variation diagram for the three 
varieties of amphibolite in the Hunt River Belt. 
FIG~E 3.3 B: A(Na20 + ~O) : F(total iron as FeO) : M(MgO) ternary 
diagram of the three varieties of amphibolite in the Hunt River Belt . 
, It, 
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to amphibolite facies metamorphism the rocks may have retained some 
aspect of their original bulk chemical identity. 
Irvine and Baragar (1971) have shown that volcanic suites 
with tholeiitic and calc-alkalic affinities both plot in the sub-
alkaline field of the alkali versus silica diagram. When plotted on 
a ternary AFM diagram in Figure 3.3, the Hunt River amphibolites show 
a diffuse yet distinctively Fe-enriched trend, lying in the field of 
tholeiitic rather than calc-alkaline rocks. 
Major elements then appear to be useful in determining the 
broad chemical affinities of the meta-rolcanics from the Hunt River 
Belt. \ 
3.2.2.3 Trace Element Chemistry 
The trace element data is presented in 5i0 2 variation diagrams 
~ (Figure 3.4) to enable direct comparison with chemical trends of the 
major elements. Nb has such a restricted range in values (Tables 3.2 
and 3.5) that it was not included. 
In comparison to the major element variation diagrams (Figure 3.1) 
the ultramafics appear to plot in separate fields from the amphibolites. 
5r and Ba are somewhat similar geochemically, although in Figure 3.4 
the Ba is seen to plot ina ra ther diffuse pa ttern, whereas the 5r 
exhibits a marked decrease with increasing 5i02. Rb is unusual in that 
it a.lso shows a negative correlation with increasing Si0 2· Zr shows 
only a slight increase with increasing S;02. The absolute values for 
Zr are considerably less than the average value of 150 ppm for basalt 
given by Taylor (1965). Cu and Zn exhibit relatively random plots 
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FIGURE 3.4: Trace element variations vs. Si02 in wt.% for the mafic 
and ultramafic rocks from the Hunt River Belt. 
for both the ultramafics and the amphibolites. These elemental 
abundances may in part be affected by the distribution of the 
sulphide-bearing rusty zones, some of which have formed by secondary 
enrichment. Ni and .Cr show anomalously high values in the 
ultramafics in comparison to the amphibolites. The Ni shows a 
gradual decrease while the Cr plots into two distinctly separate 
fields for the two major rock types. 
In Table 3.7 trace elements of meta-volcanics from the Hunt 
River Belt are compared to values from other.volcanic environments. 
Island arc tholeiites are characterized by very low Ni-Cr contents 
whereas oceanic tholeiites display very high Ti contents. Apart from 
a marked discrepancy in the zirconium contents, the Hunt River 
meta-volcanics compare most favourably with basic rocks (the non high-
magnesium series) associated with ultramafics in the lower parts of 
volcanic cycles from Archean greenstone belts. 
The KlRb ratios for the amphibolites (averaging 250) are 
anomalously low when compared to values of ~1000 reported as typical 
of oceanic tholeiites (Engel et ~~., 1965). Metamorphism has little 
or no effect on whole rock K/Rb ratios except at upper amphibolite 
and higher grades (Heier and Adams, 1964; Lambert and Heier, 1968; 
Jakes and White, 1970), although amphibolite facies rocks can be 
largely influenced by K and Rb migration if regional granulite facies 
metamorphism occurs in underlying rocks (Heier, 1973). In previous 
studies, low K/Rb ratios in meta-volcanic amphibolites from the 
northern Nain Province have been considered to be the result of 
metamorphism (Collerson et al., 1975). This is a reasonable assumption 
TABLE 3.7: Trace element comparison of Labrador meta-volcanics with modern 
RoaK nJSE 
Amph 1 bo li te 
Amphibolite 
Oceanic Tholeiite 
Island Arc Tholeiite 
Calc-Alkali Basalt 
Meta-Basal t (Ultrabasic - Basic Suite) 
Tholeiitic Basalt 
Archean Volcanics 
'/ 
! 
volcanic. environments and other Archean terrains. 
SOURCE 
NO. OF Ti ANAL YSES 
Saglek Area 6 6174 
(Co 11 erson et !l.., 1975) 
Hunt River Area 14 4077 
Pearce, 1975 92 8033 
Jakes and White, 1971 4796 
Hallberg and Williams, 1972 6295 
Norseman, Western Australia 83 5755 
(Glikson, 1971) 
Eastern Goldfields Region, Australia 337 5755 
(Hallberg and Williams. 1972) 
to 
Superior ~rovince. Canada 
(Goodwin. 1972) 835 5635 
Zr Sr 
55 134 
45 79 
92 131 
70 200 
330 100 
57 
105 61 
181 204 
Ni Cr 
100 337 
147 599 
310 
30 50 
, 25 40 
• 
-J 116 400 
170 367 
105 203 
"~\" 
.",. 
.~ 
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in view of the widespread granulite facies metamorphism throughout the 
northern Nain Province. However, similar low K/Rb ratios (Tables 3.5 
and 3.6) occur in the Hunt River Belt, where there is little~vidence 
for a granulite facies metamorphism event at the present level of 
erosion in the southern Nain Province. This may indicate that low K1Rb 
ratios (:::250) may be typical of Archean basic rOCky, as very low K/Rb 
ratios are also reported from basaltic rocks in the lower parts of 
Archean greenstone belts (Glikson, 1971). 
3.2.2.4 Tectonic Setting 
Metamorphosed basic rocks may have been derived from a variety 
of igneous tectonic environments (Carmichael, Turner and Verhoogen, 
1974) . Certain trace element pl~ts have been proposed to discriminate 
between magma types in these envi ronmen ts (Pearce and Cann, 1971, 1973 ~ 
Pearce, 1975). When the trace elements from the Hunt River amphibolite 
rocks were plotted on two of these diagrams (the Zr-Ti/lOO- Sr / 2 
triangular plot and the Ti-Zr linear plot) the values fell into areas 
which overlap both the low-K tholeiitic field and the ocean floor 
tholeiitic field. Thus, further study was necessary in order to arrive 
at a more precise tectonic setting. 
Archean igneous rocks generally display an overall low Ti 
content relative to modern day (Phanerozoic - recent) igneous rocks 
(Lantlert et !l., 1975). Therefore, plotting the actual Ti : Zr ratios, 
rather than absolute values, appears to be a more significant method 
for discriminating between the tectonic environments of Archean 
volcanics. The Ti :Zr trace element values from the Hunt River 
p. 
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meta-volcanics (amphibolites) are p lotted in Figure 3.5. They display 
very high Ti : Zr ratios, a feature which i s characteristic of ocean 
floor basalts rather than island arc tholeiites (Pearce and ( ann, 1973 ). 
This suggests that the protoliths for the amphibolite s in the Hunt 
River Belt were not deposited onto sialic crust but rather were emplaced 
in an ocean floor rifting environment. 
3.2.2.5 Discussion 
Wi ndley and Bri dgwa ter (1971) have sugges ted tha t the mai n 
di fference between Archean greenstone belts and s upracrustal remnants 
found in high grade gneiss terrains is level of exposure; greenstone 
belts occurring at shallower crustal levels than the high grade gneiss 
terrains. Apart from structural and metamorphic di fferences between 
these two types of Archean association there are also important 
lithological differences. Amphibolite belts from high grade terrains do 
not contain readily recognizable sequences of silicic (calc-alkaline) 
meta-volcanics which are corrrnon in Archean greenstone belts and are 
regarded as an integral part of the stratigraphic sequence (Condie, 1972; 
liubregtse, 1975; Baragar and Goodwin, 1971). 
Sutton (1973) suggested that the early Archean crust developed 
in two stages; Stage 1 which involved the formation of an early granitic 
crust and Stage 2 in which extensive supracrustal sequences were 
"-deposited and later deformed along with the granitic basement. 
Following from this, Collerson et~. (1975) have suggested that early 
Archean high grade gneiss terrains and their associated amphibolite belts 
possibly represent a period of sialic crustal development prior to the 
• 
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FIGURE 3.5: T1 :Zr variation diagram of the garnet-bearing 
aq>h1bol1te. the diopside-bearing amphibolite and the nonnal 
aq>h1bolite in the Hunt River Belt. 
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fonnation of greenstone belts . The la c k of extensive calc -alkaline 
vol canics associated with supracrustal bel t s throughout the North 
Atlantic Craton may therefore represent a normal cundition for trlat 
period of crustal development. 
Theories for the tectonic evolution of Ar chean greenstone 
belts are many and varied. The more traditional views involved the 
development of volcanic geosynclinal piles on an extens ive basaltic 
crust (Anhaeusser ~ ~., 1969; Anhaeusser, 1973; Glikson, 1970, 1971, 
1975). Recently, Condie (1972 ) , Talbot ( 1973) and Goodwin and West 
( 1974 ) have applied the plate tectonic theory to account for their 
fonnation. Although horizontal tectonic regimes are co ns idered to 
be important in the structural development of~chean high grade £¥leiss 
terrains (Bridgwater et ~., 1974 ) , it is not yet poss i ble to accept 
without reservation the plate tectonic models s .,ch as those proposed 
by Condie (1972) and Talbot (1973) . 
Studies in the North Atlantic Craton (McGregor, 1973; 
Bridgwater and Fyfe, 1974; Bridgwater et ~., 1974) and in the 
Kaapvaal Craton (Hunter, 1974) favoured the early deve lo pment of a 
sialic rather than basaltic crust. Hunter proposes that greenstone 
belts developed in rifted linear zones overlying s' ites of mantle 
upwelling in response to distention of an earlier sialic crust (high 
grade gneiss terrain). Hunter (1974, p.259) states further that: 
The earlier sialic crust fonned as a result of partial and 
total melting of hydrous basaltic lithosphere under tectonically 
metastabl~ cooditions. Limited sedimentation and volcanism in 
small basins/on this early crust took place during periods of 
quiescence, following which deformation resulted in the tectonic 
interslicing of the early sialic crust and the sedimentary-volcanic 
sequences. 
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It has been sugges ted that the Hunt River Belt formed in 
a rifting environment (Se c tion 3.2.2.4). It is po ssible that the 
processes which Hunter proposes for greenstone bel t development 
can be further extended back into Archean time. 
3 .2.3 Meta-sedirrents 
Geochemical studies were carried out on both the pelitic 
s chist and the grey schist from the Hunt River Belt to assess the 
relation between the meta-sediments and meta-volcanics, and to place 
constraints on the paleoenvironment of deposition of the Belt. 
The pelitic schist is very interesting geochemically. 
although it is quite limited in occurrence in the Belt. The trace 
element chemistry in particular is compared to other geochemical 
studies of meta-sedimentary pelitic schists in order to determine 
the provenance of the pelites. 
Analyses of the meta-sedimentary grey schist is presented 
in an effort to see if the transitional nature between this unit 
and the amphibolites, apparent in the field, can be observed chemically. 
The meta-sedirrentary rocks designated as 'rusty zones' in 
Chapter 2, Section 2.2.3.3 are not discussed because they are affected 
by extensive surficial weathering. 
3.2.3.1 Pelitic Schist 
The pelitic schist is only a small component of the Belt 
however it is geochemically very distinct. as shown by the analyses 
presented in Table 3.8. The major element chemistry agrees closely 
J 
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TABLE 3.8: Chemical analyses and C. I.P.W. Nonns of 
the meta-sedimentary schists from the Hunt River Belt. 
WJ-73-
StOz 
TlOz 
A1 Z0, 
FeZO] 
F.o 
MnO 
e.o 
11&20 
K.fJ 
P205 
l.0 . !. 
TOTAl 
153.11 
0.57 
15.79 
1.4~ 
3.Z4 
0.09 
1.155 
4.1M 
3.40 
0.7C 
0.20 
1. 92 
96.98 
6 
70 .M 
O.H 
\4.85 
0. 57 
2. 79 
4.H 
1.89 
0.05 
0.59 
'HI . 81 
ZI" (P .. ) 145 123 
SI" 251) 311 
Rb 4Il 86 
Zn IJ!l 64 
eu 12 12 
.. 178 545 
lib 13 15 
lit 33 22 
CI" 19 17 
I( 58ll 15690 
Tl 3417 1739 
a:tRII III 1112 
27 . 90 )1.35 
4 . 35 11.37 
30.25 16.94 
Z4.08 14.02 
1.11 0.71 
2X 
52 .60 
1.04 
14 .54 
n .•. 
"---. 
0 . 16 
6 . 49 
8.89 
2.66 
0. 81 
0 . 13 
1.71 
89 .03 
368 
62 . 43 
0 . 73 
15 . 17 
1. 91 
4 . 46 
0.09 
1.64 
4 . 89 
3. 31 
1.26 
0.20 
2.00 
98.69 
WI SCHIST 
71.4) 
0 . 19 
15. )1 
0.19 
1.()6 
0.08 
0.56 
1.54 
3.96 
3.90 
0.01 
0.72 
IJ9 .15 
548 558\ 
62 .99 
15.7J 
0.87 
4 .92 
0 .08 
2 .62 
4 .8\ 
2.79 
0 .92 
0.14 
2.46 
98 .92 
61. 36 
0 . 63 
18 . 56 
1. 24 
3. 97 
0 .05 
1. ]5 
4 .81 
4. 24 
0 . 92 
0 . 14 
1.78 
99 .45 
613 146 99 130 110 
m p8 305 238 227 
25 43 125 45 38 
94 107 41 87 75 
22 12 19 31 30 
131 299 876 264 lO5 
9 14 10 13 14 
120 40 14 57 46 
420 2S 12 64 21 
6124 10460 32376 1637 7637 
6235 4376 1139 357) 3777 
t&9 243 259 170 201 
4 . 41 
4 . 92 
23.12 
26.03 
c ... W. Nonns 
24 . 16 
1. 10 
28.95 
21.92 
. 0. 50 
28 . 99 
13.40 
".D2 
8.02 
1.10 
26.M 
5.63 
t.4 .46 
Z3.'HI 
18 . 59 
5 . 56 
36.72 
23 .65 
1.73 2.17 
158 
51 .02 
0 . 83 
15 . 34 
1. 4\ 
6. ()6 
0. 12 
).67 
6. 76 
2. 69 
0. 99 
0 . 33 
2. 48 
97 . 70 
159 
613.98 
0 . 38 
\4. 'HI 
1.44 
2.09 
0 . 07 
0 . 89 
3 . 43 
3 . 65 
1.84 
0.10 
1. 12 
98 . 95 
imlTlc 
i SCMIST 
161 2I0Il 
61.99 
0 . 71 
16 . 11 
1.43 
5 . 21 
0 . 11 
2.03 
5 . 09 
2.99 1 
1. 34 I 
0.22 II 
1.36 
98 . 61 . 
0.97 
20 . 30 
5.113 
5.20 
0. 18 
' .83 
1.10 
0. 07 
U3 
0.03 
2. 44 
98 . 18 
126 158 149 25 
233 236 201 49 
38 82 47 4 
110 67 85 45 
46 II 23 186 
224 396 247 22 
13 14 15 4 
1I2 20 62 1546 
200 8 73 1114 
8218 15275 11124 15358 
4976 2278 4376 2198 
216 1. 137 JI4() 
16 . 26 
6.14 
23. 89 
28.19 
4.08 
31. 92 
1.11 
11.56 
16.92 
23.36 
8.14 
26.00 
26.40 
0.91 0.98 
Q 
01'" 
AD 
Aft 
lie 
C4 
Dt 
~ 
0' 
1ft 
11 
C .. 
., 
15 . 13 
1.52 3.. 2 . 85 9.98 2.90 1 •. 51 9 .90 16 .80 4 . 4Il 12 . 78 
2. J! 1.01 ].07 2. 86 0.57 1.]1 1.84 2.1S 2.13 2 . 13 
1.14 . O.se 2. 0] l.41 0.]7 1.16 1.22 1.6S 0.1. 1.42 
0 . 09 Q.Ol 0.01 0 .01 0.05 0 .02 
0.41 O.ll 0 . 31 0 . ... 0.02 D.,. 0 .13 0 . 80 0.24 0.53 
-----------------------~ 
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with the average composition of pelitic rocks given by Shaw (1956). 
~ickel and chromium concentrations are ano~alously high and trace 
element values differ greatly from the average values of Shaw (1954a). 
Despi te the fa'ct tha tone sample may not be quantita ti ve ly 
significant, the nickel-chromium contents are similar to high values 
found in pelitic schists from Saglek, in northern Labrador (Collerson 
et ~., 1975). Figure 3.6 for example, shows a nickel-chromium plot 
I 
of the pelitic schist and amphibolite from the Hunt River Belt in 
relation to values obtained from pelitic schists at Saglek. It is 
s i 9nificant that the amphibolitic meta-volcanics associated with the 
pelitic rocks at Saglek display the same chemical distribution of 
major and trace elements as those occurring in the Hunt River Belt 
(Collerson et a1., 1975) , 
..., - -
Nickel and chromium are regarded as weathering resistates, 
and may even be enriched to ore grade, as in certain New Caledonian 
deposits (Park and MacDiarmid, 1970). However, weathering would also 
have produced high concentrations of other trace elements such as 
Ti, Zr and Sr, which a~e also considered resistant to weathering 
(Pearce and Cann. 1973), acd these are not found. The anomalous 
trace element patterns in the Hunt River pel i te therefore cannot be 
attributed to recent weathering. 
Shaw (1954a, 1956) concluded that there was little major or 
trace element change in pelitic rocKs metamorphosed to sillimanite 
grade. Therefore, 'the concentration of the trace elements probably 
reflects an original sedimentary geochemical ·pattern. 
The chemistry of the pelitic schist from the Hunt River Belt 
1,000 
100 
Cr(ppm) 
10 
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FIGURE 3.6: Cr:Ni variation diagram comparing meta-volcanic 
and meta-sedimentary schists frOltl the Hunt River Belt to rocks 
from the Saglek area, northern Labrador 
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suggests that the provenance contained a high proportion of 
ultramafic material which contributed detrital matter rich in nickel 
and chromium. The contribution of ultramafic rocks as a source 
material for sedimentation has been inferred in other Archean terrains 
(Hunter, 1974; Condie, 1975; Lambert ~~ .• 1975). The Hunt River 
ultramafics discussed in Section 3.2.1 are interpreted as late 
intrusives into the volcanic pile, and therefore they may have been 
available as source material for sedimentation late in the 
depositio~al history of the H~River supracrustals. However, there 
is no conclusive evidence that the pelites were deposited later than 
the amph i bo 1 ites . 
3.2.3.2 Grey Schist 
Analyses of ten grey schists representative of the 
compositional variability of the unit are presented in Table 3.8. 
Compositions range from basic-intennediate (Si02 <-55%) near the 
overlying amphibolite to acidic (Si02 >70%) near the underlying 
homogeneous gneiss. Major elements show considerable variation 
with Si02; Na 20 and K20 show a positive correlation and Ti02, MnO, 
MgO and CaD a negative one. The trace elements Sr, Rb, Ba, Ni and Cr 
also exhibit positive correlations with 5i02 variation. Nickel and 
chromium values range up to 120 ppm and 420 ppm respectively. thus 
overlapping with the range displayed by the amphibolites (Figure 3.6). 
The chemical evidence suggests that there is a complete 
transition between the grey schist unit and the amphibolites. 
indicating that they are possibly genetically related. The transitional 
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character of the grey schist is not regarded as a metamorphic effect 
because of the concomittant variation in the more immobile elements 
such as Ni, Cr, Ti, Zr and Sr. 
Chemically the grey schist displays strong calc-alkaline 
affinities which are in sharp contrast to the tholeiitic iron-
enrichment trend of the amphibolites(Figure 3.7). This could be 
'--I 
interpreted as reflecting an original igneous fractionation trend 
within the volcanics with the grey schist representing metamorphosed 
intennediate to acid volcanics or tuffs. However, it is also quite 
possible that the calc-alkaline character of the grey schist unit 
may simply reflect sedimentary reworking (Robinson and Leake, 1975) 
of mafic material which could have been derived from the Hunt River 
Be 1 t. 
3.3 BORDER ZONE 
Two groups of quartzofeldspathic gneisses occur in the 
border zone of the Hunt River Belt: pink muscovite gneiss and variable 
quartzofeldspathic gneiss. Analyses of the pink muscovite gneiSS 
presented in Table' 3.9 are from widely separate locations yet they 
are chemically almost identical. The variable quartzofeldspathic 
gneiSS is siml1ar in appearance and major element chemistry to the f 
pink muscovite gneiSS (Table 3.9). Both groups of border zone gneisses 
however display markedly di"fferent trace element distribution patterns 
(comp.are Zr. Sr, Rb and Ba in Table 3.9). In addition, the K/Rb ratios 
of two of the variable quartzofeldspath1c gneisses (WJ-73-11 and -12) 
are anomalousl;' high (704 and 611 respectively) when compared with values 
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TABLE 3.9 : Chemical analyses and C.I.P.W. Norms 
of the pink. muscovi te gneiss and the variable 
quartzofe 1 dspathi c gneiss from the Border Zone. 
PINk WAAIAllE 
IIIsctNITE GllEISS QUAIITZOfELDSPMHI C GIIEIS5 
WJ-lJ- 238 5582 160 11 12 5SCI 
S102 75 . 51 75 .37 75.04 75 .lO 70.43 69 . 79 
1101 0 . 01 0.02 0.01 0.02 0.21 0 . 17 
A1 203 13.01 13. JJ 14.16 13.53 14.64 15 . 7J 
FeZ03 0 . 65 0.35 0.66 0.00 1.04 I. 31 
FeO- 0 . 28 0.40 0. 40 0./5 I. 43 0.95 
....a 0 . 05 0.01 0.09 0 .02 O.OS 0.05 
~ 0 . 14 0 . 44 0 .65 
<:'0 0.54 0.S4 0 . 28 O. so 2 . 81 • . Il 
11&2° 4.22 4.17 4.69 5.76 4 . 84 4 .80 
~O 4.45 4.24 3.91 4.24 2 . 43 1. 60 
P205 
0.03 0 .13 
L.O.1. 0 . 27 0.38 0 . 35 0 . 69 0.55 O. SO 
TOTAl 98 . 99 99.15 99.59 100 . 71 98 . 9() 99 . 71 
II' (~) )7 42 Z9 128 112 151 
Sf" 42 46 Z8 537 m 742 
lib 142 181 248 so 33 68 
In 31 21 41 32 44 16 
Cu 13 20 16 14 17 12 
Ie 35 30 495 S45 391 
lib 16 21 31 12 11 19 
111 10 14 16 11 27 24 
CI' 14 17 II 14 lO 25 
l 36M2 35198 12459 35198 20173 13282 
11 60 lZO 60 lZO 1259 1019 
IV. 260 192 131 704 611 195 
C.I.P.W. Nonns 
Q 33.16 33 . 79 32 . 27 23 . 13 26.63 26.64 
0... 26 . 64 25 . 42 23.28 24 . 54 14.59 9.52 
All 36.17 35.71 l'J ." 47 . 74 41.61 40.91 
Nt 2 . 74 2.75 1.42 2 . 79 11. 22 16.77 
.. 
Co 0.26 0.92 1.71 0.41 
D1 2.56 3.45 
~ 0 . 05 0.79 0.34 1.35 1. 37 0 . 46 
01 
Itt O.ts 0.51 0.96 1.53 1. 91 
11 0 . 02 0.04 0.02 0.04 0.41 O. ll 
Cr 0.01 
,. 0.07 
-~ 
-----.................... .. 
\ 
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from other Uf\its in the thes i s area. 
The origin of the se two rock types i s uncertain . The 
chemi s try of the pi nk muscovi te gnei 5S is cons tant throughout it s 
extent . The chemistry of the variable quartzofeldspathic gneiss 
is consistent throughout its thickness at any particular outcrop, however 
it var i es considerably along s trike. 
Field relations of the pink muscovite gneiss suggest that it 
has a regional distordant contact with the overlying grey schist . It 
is the,'efore interpreted to be intrusive in origin, possibly representing 
a granitic sheet which is in accordance with its 'granitic' chemistry. 
The high K/Rb values of the variable quartzofeldspathic gneis s are not 
considered to be the result of high-grade regional metamorphism, as the 
values are decidedly local in extent and the host rocks do not contain 
orthopyroxene. None of the other quartzofeldspathic gneis ses from the 
area, for example, approach K/Rb ratios of over 600. Therefore these 
values are thought to be the result of an unust...al igneous condition, 
and the variable quartzofeldspathic gneiss is interpreted to be an 
intrusive rocK unit. 
3.4 QUARTZOFELDSPATHIC GNEISS COMPLEX 
Polygenetic quartzofeldspathic gneisses make up about 90% 
of the gneissic terrain. The remaining rocks are distinctive, 
discontinuous layers and lenses of amphibolite. On the basis of field 
evidence and degree of structural complexity the gneisses are subdivided 
into several varieties, each of differing age and mode of formation. 
Chemical analyses of the different gneiSS types are presented in Tables 
3.10 and 3.11. <) 
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TABLE 3.10: Chemical analyses and C.I.P.W. Nonns of the banded and 
homogeneous gneisses from the Quartzofeldspathic Gneiss Complex. 
IMII6) &lIE IS S IOClGUEOOS GIl[ ISS 
WJ-n- 177 194 199A 1"8 21 22 53 146 149 200 
S10
2 
69 . 211 54.. 66.51 55 . 65 67 . 54 72.22 72 . 73 69.67 73 . 93 71.66 70 .97 49.2(l 
Tl02 0.40 \.03 0.16 0 . 47 0. 40 0.l2 o.n 0. 16 0.16 0.19 O. lO 0.21 
AI
2
0
3 
15.42 16.10 14.47 13.~ 16.34 14.62 14.OS 16.00 13.89 15.50 15.52 211 .60 
Fe
2
0
1 
\.67 2.49 1.34 2 . 21 2.07 0.01 0.41 O.~ 0.53 0.16 0. 21 0. 69 
FeO 0 . 30 7. 18 2.61 4.118 0.56 1.75 I. !If! 2. 01 0 . 79 1.27 1.6l 2. 45 
....0 0.03 0.06 0 . 015 0.14 0.01 0 .02 0 .04 0.02 0.01 0.01 0. 01 0. 07 
"90 1.54 4. 44 1.71 7 . 13 n. 7S 0.970.611.05 0.330 .250. 77 1.55 
CeO 2.)6 ~.77 4.44 9.18 2.73 \.63 2.32 3.28 1.16 2. 24 3. 09 11.03 
111
2
0 4.801 2. 69 3.25 2.68 4. 16 4.14 4.51 4.96 3.89 3.S8 4.81 3.31 
~o 1.01 0 . 61 \,17 0 . 76 \.85 3.015 1.40 1.35 4.04 3.66 1.00 1.13 
0 . 01 0 . 40 0.07 
0 . 72 1.35 1.47 
0.25 
1.64 
0. 12 
1.09 0.81 
0.06 0.10 0. 03 0. 42 
0.73 0 .81 0.78 0.55 0.86 l.14 
TOTAl. 97 . 56 100 . 02 96.46 98.98 !If!.02 99.45 99.01 100.21 99 . 51 99 . 17 99.26 98 . 80 
Zr ( ~) 
Sr 
lib 
Z. 
Cu 
tIa 
lib 
Nt 
Cr 
Tt 
K/Rb 
o 
Or 
All 
All 
"-
Co 
Ot 
tty 
01 
Itt 
11 
Cr 
155 
334 
)6 
47 
23 
555 
10 
4) 
II 
8JII!5 
n911 
ll) 
III 
179 
23 
115 
18 
190 
16 
91 
111 
5064 
6175 
no 
1M! 
307 
40 
65 
22 
453 
10 
56 
116 
9713 
lise--
243 
82 
219 
28 
79 
21 
120 
8 
158 
612 
6309 
152 
437 
79 
65 
19 
197 
7 
114 
2117 
118 
46 
IS 
1120 
19 17 
1J IS 
153510 25403 
28 liS 2398 1319 
US 194 215 
lOS 
199 
89 
73 
23 
224 
12 
16 
13 
11622 
1379 
131 
no 
393 
70 
45 
19 
11M! 
10 
2(l 
19 
112(l7 
2158 
160 
C.I I.P.W. Nonns 
30.7'5 
6 . 11 
42.27 
12.30 
2.06 
3 . 96 
0.72 
10 .M 
3.65 
23 . 06 
30.44 
9.16 
16 . 12 
3.M 
1.98 
31.01 
7.2(l 
28.63 
1l.32 
0.32 
7.5' 
2.02 
0.71 
9 . 10 
4.61 
23.27 
24.52 
11 . 61 
16 .94 
3.Z9 
0.92 
D.()4 0.03 0 . 15 
28 . 73 
11.27 
38.0) 
14.57 
2.05 
I. 93 
0.70 
0.711 
0'.02 D." 0.17 0.60 O.!! 
30.41 
18.32 
35.49 
8.55 
1.42 
5.)6 
0.01 
0.42 
34.21 26 .08 
8.41 8.02 
38.79 42 .20 
12.26 16 . 20 
0.71 0 .411 
4.58 5. 25 
0.60 0.93 
0.44 0'.69 
0'.14 
193 
225 
196 
23 
13 
724 
16 
18 
12 
33538 
959 
171 
109 
263 
109 
41 
9 
1399 
15 
13 
30383 
11)9 
278 
32 . 8Il 31 . Z9 
24 . 17 21.91 
33.32 lO.69 
6.09 11.02 
0 . 93 1.68 
1.61 2 . S6 
0.78 0'.24 
0.31 0.17 
135 
'ill 1 
39 4. 
10 
)liS 
8 
15 
20 
8301 
1798 
213 
3O .17 
35 
ll4 
118 
48 
28 
129 
47 
66 
9)81 
1259 
lID 
6 .00 6.91 
41.85' 28 .96 
15.73 53.91 
0 . 76 0.85 
4.324 . 31 
2.58 
0.31 1.03 
0.58 0.41 
0.01 
0.24 0.07 1.01 
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TABLE 3.ll : Chemical analyses and C.l.P.IoI . Nonns of the amphibolite 
and mixed gneisses of the Quartzofeldspathic Gneiss Complex. 
WHI1101lTl fOIIElSS 
WJ- 73- 1301 51 104A 104-5 
S102 59.33 47 . S3 46 . 46 ".11 
Tl02 1 . 55 0 . 96 0 . 98 0 . 99 
AIlO, 12.50 9 . l1li 15.16 14 . 16 
rl201 2 . 31 1.01 3. DI 5. 75 
rIO 9 . 81 11.03 9.10 7.56 
IWl 0.10 0.24 0.21 0.05 
IIIrJO 3.21 10 . 67 10.14 6.33 
CIO 11 .67 12 . 65 10 . 47 9 . 44 
!laZO 1.110 I.lS 2.24 2. 56 
"'fl 0 . 75 0.43 0. 70 1.07 
PlOS 0 . 07 D.n 0.29 0.22 
L.O.1. 1.111 2.ZII 1.96 1.90 
131 
49 . 37 
0.80 
16 . 61 
2 . 79 
7.83 
0.17 
7.24 
10 . 78 
3.03 
.' 
0.114 
0 . 30 
1.35 
"11m 611( ISS 
139 lHe 220 104-7 
47.91 46.110 60 . 99 66 . 70 
0 . 94 3. 12 O. se o.n 
14 . 15 14 . 59 15 . 89 16 .94 
2. 89 6 . 13 1. 00 0 . 52 
9.71 1 . 42 4 . 45 1.81 
0.18 0.19 0 . 09 0.83 
~ . 79 5.96 2 . 98 0.05 
• . rr7 8.59 6 . 00 3.74 
1.97 2 . 36 3 . 71 5.09 
~ . 1I9 1.]2 Lilli 1.11 
~ . 27 0 . 85 0.10 0 .07 
1.58 1.84 1.36 0 . 55 
120 
71. 71 
0.25 
15 . 29 
0 . 28 
1.40 
0 .02 
0 . 62 
l . eo 
4. 26 
2. 18 
0 . 02 
0.60 
lle 
70 . 38 
0 . 11 
14 . 79 
0 . 76 
2.09 
0.01\ 
1.10 
J.71 
• . 46 
I. 15 
O.f1fi 
0.94 
143 
68 .54 
0 . 22 
15 . 39 
0 .09 
1.68 
0.01 
0 . 13 
3. 10 
4 . 56 
0.83 
0. 92 
TOTAl 99.33 91. 57 101.49 98.90 100 . 91 95.95 100.17 98 . 33 91.63 99 . 46 99.83 95 .42 
lr (.,.-) 60 
Sr 110 
lib Z83 
In 109 
U. 16 
iii 16Z 
III ') 
Nt 70 
Cr 
Tt 
k/Itb 
Or 
,. 
All 
'" C4 
19 
8m 
9m 
2Z 
fl. 13 
4.51 
15 . 52 
M.M 
7." 
63 
221 
20 
65 
"' 158 
10 
133 
161 
'570 
5755 
179 
2." 
10 .• 
20." 
01 3.71 14 . M 
"' 01 
Itt 
11 
Cr 
,. 
11.37 11." 
7." 
3.41 1.52 
3.00 1.89 
0.15 
0.17 0.10 
51 
100 
32 
100 
20 
144 
9 
137 
506 
sell 
5875 
1112 
4.15 
19.03 
lO.n 
59 
146 
]1 
99 
47 
lOtI 
10 
!III 
196 
I11III] 
SUS 
Z117 
2.03 
6.52 
22 . )2 
Z4.72 
53 
III 
zo 
95 
8 
47 
11 
101 
52 
102 
15 
81 
III 
73 
9 
139 
46 
1311 
24 
ali 
J4 
94 
8 
124 
144 48J 669 
5313 57le 109S3 
4796 Ij6l5 18704 
2M lIZ 457 
C.l.P.W. 
129 
279 
53 
50 
17 
In 
10 
48 
41 
M66 
1477 
169 
NonnS 
Lot 3.11 17.10 
3.110 
lS.74 
H . t5 
'.Z7 7.92 6.Y 
17.46 20.28 32.311 
"' . M lS.71 24 . 24 
lZZ 
599 
47 
60 
15 
212 
10 
]. 
51 
9215 
1319 
196 
13.62 
6.75 
44 .33 
11.911 
lOtI 
395 
65 
33 
lS 
893 
9 
15 
15 
18097 
1499 
2711 
31.02 
13.02 
)6 . 43 
14.29 
0.63 0.75 
15 . l1li 
2.M 
Z1 .OZ 
17.93 
15. )6 
17.81 
5.12 
11.06 
4. 41 •. st 4. 06 
1.17 1.14 1.53 
0.11 0.06 0. 1Il 
0.11 o.n 0.70 
16.85 
Z4.n 
9 . 70 4 . )6 
16_en lZ.lS 4.31 
4 . " t . Ol 1.41 0.71 
1.17 6.02 1.14 0.43 
0.11 0.15 LOI 0.01 
0." Z.01 0 _48 0.17 
3.54 
0 . 41 
0." 
0.05 
118 
Z98 
56 
49 
21 
204 
13 
22 
17 
9547 
1m 
170 
27.82 
6.87 
1II.15 
17.12 
1.14 
5.04 
1.11 
0.60 
0.14 
118 
576 
19 
A7 
14 
468 
9 
10 
17 
6890 
III 9 
Zl8 
32.47 
5 . 18 
40.76 
16 . 37 
1.1II 
' . 16 
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3.4. 1 Chern i ca I Cha rac ter of the .. Sa nded , .~omogene~~ .a_rid. M_i !~i...9!l.e_i_~.e_s 
In Table 3.1 0 the gneiss type s are grouped d S they were 
i den ti fi ed in the field . The banded gnei s s i s pre domi nan t 1 y ton ali ti c 
and ranges in compos it i on from i n te rrredi ate (55-65 % 5i02 ) to s ub - a ci d 
(65-70% 5i0 2 ). The homogeneous gneiss ranges in compos i t i on from 
sub-acid (65-70% 5i0 2 ) to acid (>70% 5i02 ) and when plotted on a 
nonnative anorthite-orthocla se-albite diagram (Fi gure 3.7) it overlap s 
several compositional fields, ranging from tonalite and trondhjemite to 
adamellite and granite. Both groups of gneisses differ in their maj or 
and trace element chemistry (Table 3.10). The banded gneiss contains 
- relatively higher conce'tttrations of Ti02 , MgO, CaO, Ni and Cr, and 
lower aroounts of 5i0 2 , K20 and Rb than the horoogeneous gnei ss _ 
The mixed gneiss (Table 3.11), when plotted in Figure 3 . 7 
and in other variation diagrams in this chapter, occupie s as area 
that lacks a definite linear trend, overla ppi ng the compos i tional 
fields of both the banded gneiss and homogeneous gneiss . It is 
interpreted to have formed as a result of tectonic mixing of the 
banded and homogeneous gneiss types. 
Fi gure 3.7 a I so shows a norma ti ve anorthi te-orthocl ase-a I bi te 
ternary compositional diagram of Archean gneisses (Nuk ~neisses) from 
the Godthaab district, West Greenland (McGregor, 1975). The similarity 
. 
between the Greenland gneiSS plots and the thesis area quartzofeldspathic 
gneiss plots is rellldrkable indeed, and will be discussed further in 
Chapter 5. 
• 
Ab 
FIGURE 3.7 : 
An 
T 
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An 
o 
Gr 
o Homogeneous Gne i ss 
I T - trond hj emi te 
To - tona 1 He 
Gr - granite 
G - granodiorite 
A - adame 11 ite 
A 
Q Mixed Gneiss \ 
Or 
• Banded Gneiss ~ 
(A) Nonnative anorthite-ort.hoclase-albite ternary A ~ 
compositional diagram of the quartzofeldspathic gneisses (after McGregor. 
1975). (8))' Nonnati ve anorth1 te-orthoclase-a 1 bite ternary 
compositional diagram of the Nuk gneisses, Godthab d1strict, West Greenland 
(McGregor. 1975). 
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3.4.2 Geochemical Interpretation of Pol y genetic Gneisses 
The banded gneisses are polygenetic i n origin. They are 
composed of a vari ety of rock types of d i fferent ages and c hemi ca 1 
affinities. Although their present chemical character cannot be 
related in any way to their primary chemistry. a chemical study is of 
use in detennining regional lithological correlations. If the 
i ntens i ty of defomation whi ch deformed and t ransposed an ori gi na 1 
heterogeneous sequence of rocks was of sufficie nt strength to produce 
a gneissic layering. then the banded gneisses so formed would a s sume 
a similar chemical character on a me gascopic scale which could be 
distinguished chemical ly from younger generations of granite (s .l. ) 
emplaced into that terrain. 
The banded and homogeneous gne i sses displa y contrastin g 
chemical trends in certain diagrams. Two d i stinct chem i cal tre nds 
are apparent in Figure 3. 8. The banded gne is ses plot in a linear 
field parallel to the quartz-plagioclase join. and display very little 
enrichment in orthoclase. The homogeneous gneisses on the other hand. 
exhibit a strong orthoclase-enrichment trend with minor variations in 
the quartz content. The mixed gneisses do not plot in a random fa s hion 
but lie in either of the two well-defined linear trends . 
On purely chemical evidence. Figure 3.8 could represent 
unrelated suites of igneous rocks, each displaying discrete chemical 
trends. However, the field relations clearly indicate that the gneis ses 
are polygenetic. Therefore, it would be misleading to use a chemical 
variation diagram of this kind to interpret a genetic igneous evolution 
for the thes i s a rea. 
/ 
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Qtz 
Plag Orth 
o Homogeneous Gnei ss 
~ Mi xed Gne iss 
• Banded Gnei s s 
FIGURE 3.8: Nonnative quartz-orthoclase-plagioclase variation diagram 
of the quartzofe ldspath1 c gneisses. 
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A M 
o Homogeneous Gne1 ss 
" Mi xed Gnei S5 
• Banded Gnei 55 
FIGURE 3.9: A(Na 20 + K20) : F(total iron ans FeO) M(M~) ternary 
diagram of the quartzofeldspathic gneisses. 
• 
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In Figure 3.9 the gneisses appear to define a crude calc-
alkaline trend. Detailed geochemical relationships however are much 
more complex. The homogeneous gneisses, the youngest and the least 
defomed group of gneisses, plot in a fairly restricted field, which 
may reflect a chemical fractionation trend related to their original 
per i od of emplacement. The banded gneisses, in contrast, plot in a 
very wide field . Although they lie on a crude calc-alkaline trend 
H must be remembered (Chapter 2, Secti on 2.3.1 ; that they are in 
part derived from mafic rocks (Hunt River meta-volcanics ) which in 
Figure 3.3 are distinctly tholeiitic. 
3.4.3 Significance of Crustal Fractionation Processes 
Significant research has been conducted on crustal fractionation 
processes in high grade gneiSS terrains (Heier and Adams, 1965; ~ahrig 
and Eade. 1968~ Holland and Lambert. 1972; Heier. 1973). Most authors 
agree that large changes in major element chemistry (Holland and Lambert. 
1973) and trace element chemi stry (Heier. 1965; Lambert and Heier. 1968; 
Sighinolfi, 1971) do not occur until medi um to high pressure granuTite 
facies conditions are reached. According to Lambert and Heier (1968 ) , 
rocks subjected to granulite facies metamorphism are relatively enriched 
in Ca, Mg, Fe, Mn, Ti and show high K/Rb ratios, and are relatively 
depleted in U, Th. Rb, K and show low Rb/Sr ratios. Rocks whi ch are 
enriched or depleted during granulite facies metamorphism-are believed 
to retain their diagnostic chemistry although retrogressed to amphibolite 
facies (Heier and Thoresen, 1971). There is no petrographic evidence to 
suggest that the amphibolite facies gneisses in the Hunt River area 
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have been retrograded from granul i te facies, pressure and tempera ture 
conditions. 
It is of interest to compare the average chemical composition 
of the gneisses from the Hunt River area with average values of 
amphibolite and granulite facies rocks from other areas. Table 3.12 
compares the composition of the Hunt River gneisses with the average 
chemical compbsition of the crust. the Canadian Sheild. average 
granulite facies rocks and average amphibolite facies rocks. The 
homogeneous and banded gneisses compare more closely with average values 
for rocks in the amphibolite facies than those in the granulite facies. 
Only the K and ,-Rb appear to be relatively depleted. However. this is 
most likely a primary chemical characteristic. as ,the K/Rb ratios 
(Figure 3.10} are in accordance with the average value for amphibolite 
facies rocks.. Therefore. from the chemical evidence it appears that 
the Hunt River area has not been subjected to granulite facies 
rre tamorph ism. 
3,5 INTRUSIVES 
3.5.1 Granites (~) 
Chemical analyses of intrusive granitic rocks form the Hunt 
River area are shown in Table 3.13. Two groups of granites (~) 
have been recognized including: 
1. an older foliated quartz-monzodiorite, and 
2. a younger granodiorite body. 
Tt\€ quartz-monzodiorite occurs in two widely separate areas but 
geochemically it maintains a restricted range in composition. It is 
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TABLE 3.12: A chemical comparison of granul ite facies rocks ana· 
equivalent amphibolite facies rocks with average chemical values of 
the crus t, the Canad; an Shi el d and average composition of the gneisses 
from the Hunt River area. .. 
Q) III 
... ::::l 
-I< OJ 0 
c: -I< ~ .. ...., .. C1J 
.. 10 0 c: 
"0 .0 
'" '" 
-0 til Q) III 
...., 
"U ~ OJ ::::l OJ C1J til 0> III 
'" 
10 CI) ..c 
.",.. 
c -0 .~ ~ ::::l c: .... 0. U 10 U c: QJ Q) 
~ 10 ..c E ttl ~ ttl ttl C 0 c: 
u u Vl c( u.. <.!' u.. co C!l :J: <.!' 
5i02 60.3 64.9 65.6 61.2 61 .60 71: 25 
Ti0 2 1.0 0.5 0.5 0.6 0.57 0.27 
A1 203 15.6 14 .6 14.9 16.4 15.00 15.13 
Fe 203 7.2 1.4 1.1 2.3 1. 93 0.58 
FeO 2.8 3.4 3.5 3.74 1.43 
MnO 0.1 0.07 0.06 0.1 0.07 0.02 
MgO 3.9 2.2 2.4 3.0 3.71 0.68 
CaO 5.8 4.1 3.4 4.4 6.19 2.35 
Na 20 3.5 3.5 3.5 4.0 3.37 
4.33 
\ 3.7 K20 2.5 3. 1 3.0 
0.89 2.34 
P205 0.15 0.1 . 0.16 0.18 0.04 
K 20750.0 25730.0 30710.0 24900.0 7367 19400 
Rb 90.0 118.0 155.0 56.0 32 100 
Sr 375.0 340.0 338.0 572.0 260 338 
Ba 425.0 1070.0 605 .0 1162.0 330 689 
Ir 165.0 400.0 128.0 144.0 114 134 
Pb 12.5 23.7 15.1 
Th 9.6 10.3 13.9 5.1 
U 2.7 2.5 2.2 0.5 
K/Rb 231 218 198 447 230 194 
* after Beier' and Thor'e8en, 1971 ** after S/uzJ..J et aZ., 1967 • 
..". 
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o 
10.000 • 
• 0 Q 
K (ppm) 
• 
1,000 "-_____________ -1-_____ _ 
100 10 
Rb (ppm) 
o Homogeneous Gneiss 
Q Mixed Gneiss 
• Banded Gnej,ss 
FIGURE 3.10: Log: log plot of K and Rb for quartzofeldspathic 
gneisses from the Hunt River Belt. 
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TABLE 3.13: Chemical a~alyses and C.l.P.W. Nonns of the intrusives. 
I'OST TECTOIIIC DIABASE DlltES EiIWIO- ~-I()IIZOOIORIH DIORIU 
WJ-73- 4f 4G 24A 1138 ZOOA 141 33 so 99 100 175 176 
5102 ,49.53 49.29 SO.12 ~.13 
46.23 10 .66 51.26 57.10 59.85 58.13 57.16 57.88 
T10Z 1.16 1.73 I. 51 0.80 1.97 0.15 0.88 0.16 0 .16 0.71 0.14 0.7S 
A1 Z0, 13 . 43 13.43 14.11 14 . 93 16 .61 16 .55 16 . 40 16.82 
15.94 15.87 16.12 15 . 92 
FeZ03 2.06 2.52 1.03 0 . 19 
1.73 0.27 LOS 1.73 1.07 1. 31 0 .65 1. 10 
F.o 12.26 11.68 11. 30 11. 69 11. 54 1.07 . 6. 77 4. 91 5 . 19 5. 4-4 5.41 5.06 
PtnO 0.22 0.22 0. 21 0.21 0. 23 0.02 0.14 0 . 10 0 . 12 0. 10 0.10 D. II 
"90 5.96 !.36 .. 6.35 7.04 7.10 0.42 1.91 0.09 2.90 2.99 3.7rj 3. 05 
C.O 9.64 9.91 I \.46 11.10 9.15 \.56 7.68 5.06 5 . 25 5.24 6.11 5.33 
Nl20 2.22 2.36 2.01 2.36 2.95 5.11 
1.32 3.78 4 . 17 •. 29 3.94 4.05 
K.z0 0 . 10 0 . 58 0. 17 0.78 0.58 2.23 0.99 1~7 1.36 1.68 1. 61 1. 59 , 
P20S 0 . 13 0 .17 0.27 0.24 0.37 0. 10 0. 58 0 . 22 0 . 34 0. 36 
C. 27 0.36 
l.O.1. I.I1fi 1.78 1.88 3.02 3.23 1.27 5. 7. 2. 53 2.20 2. 03 2.40 2. 44 ,. 
TOTAl 99.81 100.13 . 100.43 100.49 99.67 99 .41 00.72 98 . 97 99 . 15 98 . 81 98 . 30 99 . S4 
Z,. (~) 96 91 70 199 109 118 75 11. 116 110 104 135 
S,. 161 164 155 251 293 455 347 345 303 262 246 298 
Rb so SZ 19 63 22 64 39 10 58 66 56 66 
Zn 114 84 76 95 89 31 97 99 ~ 94 n 86 
Cu 322 310 217 28 89 11 so 29 38 33 26 
]] 
Sa 230 204 8S 523 356 611 250 450 356 412 511 408 
lib 13 13 10 17 11 6 10 10 12 12 11 12 
IU 59 71 81 M 87 15 88 • 64 13 16 61 70 
e,. 51 61 119 143 57 14 1114 109 ISS 135 101 I~ 
K 5811 4815 1411 6475 ~IS 18512 8218 15524 11290 13946 133M 13199 
Tf 10551 10371 9052 4796 lUIIO 899 5276 4556 45S6 4615 "36 4496 
K/Rb lUI 96 74 182 219 289 211 222 195 211 238 200 
CI.P W. N 0 r m s 
Q 1.]9 0.65 l.OI 28.37 6.67 8.98 13.32 10 . 38 8.08 11.18 
Or 4.n 3.411 1.0Z 4.73 3." 13 .42 5 . 1~ II. 45 8 . 28 10 . 25 9. 91 9 .86 
All 19.16 20.30 17 . 34 20.46 25 . 34 4-4.03 29.5~ 36.14 36.31 37.48 34.7. 35 . 97 
All 25.10 24.74 29 . 35 28.54 30.82 7. 57 28.33 24.25 21. 4() 19 . 71 22.45 21.59 
... 
Co 
10.77 • 
3.06 
D1 11.57 19.55 2Z. 13 22.1l1 6 .57 0 . 45 
2.82 4.10 6.22 3.28 
"' 
24.54 23.58 23 . 01 4.39 1.61 2.6Z 3.315 17.07 13.87 IJ.71 1S.47 l4.05 
en 17.315 20 .73 
.. 3.05 3.71 1.51 0.28 2.55 0 .40 1.60 2.60 
1.60 1. 76 0.98 1.67 
n 3.41 3.34 2.91 1.56 3.10 2. " 1. 76 1.50 
1.., 1.51 1.46 1. SO 
Cr 0.01 0.01 0.03 0.0) 0 .01 0.04 0.02 
0.03 O.OJ 0.02 0.02 
., 0 •• 0.114 0.64 0.57 0.17 O.Z' 1.42 0.53'" 0 . 81 0 •• C.55 0 .88 
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characterized by relatively high Ti02 (0 . 78%), FeO (5.46%), 
Fe 203'(1.15%), MnO (0,11%) and high CaO (5.78%) . The granodiorite 
contains higher Si0 2 (70.66%) and lower TiD2 (0 . 15%), FeD (0.27%) 
and Fe 203 (1.07%) than the quartz-monzodiorite. In the C.I.P.W. 
norms. the quartz-monzodiorite is diopside normative while the 
granodiorite is corundum normative. The trace element values of 
the two intrusives do not show significant variations except that 
the quartz-monzodiorite has relatively high nickel (75 ppm) and 
chromium (140 ppm) values. 
In hand specimen all the feldspar of the granodiorite i s 
pink but in thin section only trace potassium fetdspar in the form of 
microcline was found. The albite. therefore. must contain a substantial 
amount of potassium in solid solution to account fpr the chemical 
abundance of K20 (2.23%). 
3. 5.2 Post Tectonic Diabase Dykes 
Post tectonic diabase dykes are common throughout the thesis 
area. Chemical analyses of five dykes are presented in Table 3.13. 
It is possible to divide the dykes into two chemically distinct groups. 
0ge group (WJ-73-4F. WJ-73-4G and WJ-73-24A) is quartz normative. It 
does not show any diagnostic major element variations. although the 
samples are slightly lower in Si02 and higher in MgO. The other group 
(WJ-73-223B and WJ-73-200A) is olivine normative. The two groups do, 
however. ~how distinctive trace element concentrations. Relatively 
high Zr. Sr. Ba and to a lesser extent Zn and Ni charaterize the 
olivine normative group . In contrast the quartz normative group 
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displays higher Cu contents. 
Two ages of post tectonic mafic dykes related to a conjugate 
set of major faults were discussed in Chapter 2, Section 2.5.3.2 . 
Numerous smaller dykes also occur, oriented randomly with respect to 
the faults. Without f~rther detailed structural observations of 
the dyke orientations it is not possible to correlate chemical types 
of dykes with specific structural features . 
Chemical research in post tectonic mafic dykes from other 
parts of Labrador including the Nain-Kiglapait region (Upton, 1974) 
and the Flowers Bay area (Ryan. 1974) has been carried out. In both 
studies the dykes were subdivided by composition into chemically 
distinct groups. There does not appear to be any correlation between 
the various chemical groupings from the different area. Rivalenti 
(l975b), in a chemical study of post tectonic dykes near Fiskenaesset, 
West Greenland. distinguished three ages of dykes, with each suite 
of dykes more differentiated than the younger suite, and apparently 
related to a single process of fractionation from a deep crustal magma 
charrber. Barton (1975a), from work in Labrador in the Kdumajet 
Mountains, suggested that some of the post tectonic dykes in the region 
may have served as feeders for the Proterozoic Mugford volcanics. Much 
detailed work still remains to be carried out on post tectonic dykes 
from the North Atlantic Craton before any significant regional correlations 
can be proposed. 
\ 
) 
I , 
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CHAPTER 4 
STRUCTURE AND METAMORPHISM 
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4. 1 I NTRODUCT I ON 
The tectonic history of the thesis area is extremely 
complex, involving many stages of folding, faulting and igneous 
I activity. The difficulties encountered in unravelling the 
.4 structural history of polydeformed high-grade gneiss terrains 
II 
such as this cannot be over-emphasized. Because a proper 
, 
" \'~rstanding of other aspects of geology, especially geochronology, 
'-
is contingent on a rational interpretation of field relations, a 
short discussion of some of the difficulties involved in their 
interpretation is presented below. 
Lithology 
The original mineralogy is usually represented by its 
high-grade equivalent al though ori ginal textures and structures 
are rarely preserved. Migration of the more mobile elements 
such as Si, K, Rb, Th and U on a regional or local scale may 
resul t from temperature and pressure gradients durii1g metamorphism 
and migmatization. Therefore, the bulk chemistry of different 
rock types can vary to such an extent that chemical comparisons 
with possible modern day analyses is misleading. 
Stratigraphy 
Stratigraphic sequences are cOlTlllOnly unrelated to original 
succes.sions due to modification by tectonic processes. This 
intercalation af relatively unrelated rock units can result from 
thrusting and transposition on any scale (Bridgwater ~~., 1973c). 
.' . 
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Therefore folding of gneissic terrains may not always result in the 
repetition of rock units in opposite limbs ora fold, especially if 
compositional layering has been transposed. 
Fo td Styl e 
The dangers of correlating folds on the basis of style have 
been adequately expressed by Par!('0969 ) and williams (1970). Folds 
of different styles may be produced in different rock type s even 
though similar stresses have been imposed (Watson, 1973; Ramsay 
and Sturt, 1963). Heterogeneous de forma ti on maya 1 so cause vari ab 1 e 
fold styles throughout a terrain of essentially similar lith ologie s 
on a regional scale (Coward, 1973) or on an outcrop scale. Other 
variables such as it120) may also affect differential strain patterns 
in rOCKS of 'similar composition. 
Outcrop Chronology 
In terrains which 'have suffered heterogeneous deformation 
certain areas corrrronly escape the effects of one or more deformational 
episodes. Individual outcrops may therefore show evidence of 
different events in the regional history. When later deformations 
are sufficiently intense to completely obliterate evidence of previous 
tectonic activity, appa~ntly simple structural and microstructural 
patterJls may result and field relations may therefore be misleading 
in relation to the complete tectonic history of the area. 
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4.1.1 Nomenclature 
The successive phases of deformation and folding are 
designated 01' DZ' °3 ". and Fl , F2, F3 . .. respectively, following 
procedures usedbySturt and Harris (1961) . As is conJllonly the 
.. 
situation in polydefonned gneissic terrains, the earliest 
recognizable deformation in the area may not be the first 
deformation affecting the original protoliths . Consequently, 
nL.Dlleration of the recognizable discrete deformations is arbitrary. 
Many geologists term the earliest recogniiable deformation D1 and 
the associated structural elements 51 ( ~ lanar fabric), L1 (linear 
fabric) and F1 (fold). Others attempt to circumvent this absolute 
labelling of an uncertain event by terming the first recognizab le 
deformation ON (Park, 1969). Correlation with adjacent areas is 
cormnonly necessary to gain an understanding of the regional 
structural evolution. It is therefore logical to identify the 
oldest deformation which can be discer~d on a regional scale. The 
deformation responsible for the formation of the gneissic banding 
throughout the thesis area is therefore regarded as the datum 
deformation and is designated D1. 
4 . 1. 1. 1 De fa nna t i on 
Where applicable, the defonnational phases are discussed in 
terms of homogeneous and heterogeneous defonnati on. Therefore both 
a:b:c kinematic axes and X:Y:Z: axes of the defonnation ellipsoid 
are used. The types and rates of homogeneous deformation are 
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defi ned by k and r. 
a-I (Flinn, 1962), where a = 2 and b = Y (X~YSZ) k 
b - Y X 
A particular k value describes the relative changes between the 
various elli psoid axes but does not give informat ion about the 
intensity of deformation . 
r = a + b - 1 (Watterson, 1968 ) 
A particular r value defines the amount of deformation. All k 
values may have suffered the same amount of deformation (r) yet they 
may display widely varying resultant shapes (k). 
4.1.1. 2 Fo 1 d Geometry 
The geometri c descri p t i on of the folds fo 11 ows the 
classification outlined by Fleuty (1964). 
4. 1.2 Outline of the Structural History 
The dominant structural features in the thesis area are a 
well-developed compositional banding of the quartzofeldspathic 
gneisses and a strong schistosity in the mafic rock units in the 
Hunt River Belt. The presence of intrafolial folds attests to a 
'. 
history of polydeformation prior to and culminating fn the formation 
of the dominant gneissic banding (51) ' 51 was subjec.ed to three 
later phases of deformation involving folding and plutonic activity . 
The tectonic history of the area is surrrnarized in Table 4.1. 
In this chapter each phase of defonnation is discussed and the 
f 
, 
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TABLE 4.1: SUlIIl1ary of the geological development of the Hunt 
River Bel t and the surrounding gnei ss terrain. 
Faulting and Intrusion of Diabase Dykes 
Megascopic Open Folding (F4 ) 
Intrusion of Granodiorite 
Megascopi c Heterogeneous Fo 1 di ng (F 3) 
Intrusion of Quartz-monzodiorite 
Iso eli na 1 F old i n g (F 2 ) 
Intrusion of Granite (parent to the homogeneous 
gneiss) 
Interleaving of Supracrustals and Gneisses ( F1l 
Deposition of Hunt River Supracrustals and Early 
Deformation 
Presence of Pre-existing Gneiss Terrain 
.. 
) 
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evidence for each phase is described. 
.. 
Much of the eviden~ for 
separating the various phases of deformation was derived from 
megascopic and mesascopic fold patterns and from deformed early 
structural elements (Figure 4.1). 
4.1.3 Metamorphism 
The determination of metamorphic conditions during a period 
r 
of deformati (in is cOll1Tlonly di scerned by noti ng the growth of new I 
minerals. For example, in terrains of progressive regional metamorphism, 
zones of critical minerals define isograds thi,imit are~s which 
have been affected by a particular temperature e re reglme 
.. (eg. Schrijver, 1973). Critical mineral growth ay also aid in the 
determination of temperature and pressure conditions when phases of 
progressive metamorphism successively overprint a single area (eg. Joubert, 
1971) . 
Microstructural criteria which may be used to determine 
metamorphic conditions include: 
1. new m; nera 1 growth, 
2. mineral overgrowth, 
3. disequilibrium reactions, 
4. alteration of minerals (progressive and regressive), and 
5. recrystallization. 
In the thesis area the dominant mineral assemblage (quartz-
plagioclase-hornblende) does not readily lend itself to the growth of 
new minerals within the restricted range of metamorphic conditions 
that affected the Hunt River Belt (upper greenschist to high amphi90l i te 
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facies). Therefore, alteration of minerals (Binns, 1964; Jakes, 1968) 
and recrystallization are the two most conmon criteria utilized to 
detennine the metamorphic changes. 
The exception to this generalization is the pelitic schist 
\ 
which displays a vari~ty of different stages of mineral growth. In 
Chapter 2, Section 2.2.3.1 ft was observed that two periods of staurolite + 
garnet growth were interupted by a period of cordierite growth. Th-is 
general relationship was observed in every thin section studied. The 
pelitic schist shows evidence of two phases of high pressure mineral 
growth (staurolite + garnet t sillimanite) separated by a period of 
relatively low presture mineral growth (cordierite) (Turner. 1968). 
It is unfortunate that the pelitic schist occurs as tectonically 
'transposed lenses, localized in very tight synforms of the D3 deformation. 
This localized occurrence makes it very difficult to correlate the 
'various stages of mineral growth in these schists to regional poly-
~efannation, however the pelitic schist is still a potentially valuable 
I itho logy for further petrageneti c -research. 
41,.2 PRE - 01 DEFORMATION 
Intrafolial folds provid~ evidence of tectonic and metamorphic 
events prior to the fonnat1on of the dominant gneissic banding (51) in 
. the quartzofeldspathic gneisses and the dominant schistosity (51) in 
the Hunt River Belt amphibolites. The intrafolfal folds themselves 
represent preserved fold closures associated with the 01 phase of 
defannation, however they defonn pre-existing tectonic fabrics. 
,. 
In the Quartzofeldspathic Gneiss Complex, lntrafolia~ folds 
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are cOlTll1Only preserved in units of banded gneiss. The intrafolial 
folds are mesosc.opic in size and fold a gneissic banding which is 
similar in fabric and scale to the 01 gneissic banding (Figure 4.2) . 
In some localities this pre-01 gneissic banding exhibits an S-fabric 
defined by a planar orientation of hornblende crystals. This pre-5
1 
fabric is cOlllTlOnly overprinted by an 51 mineral growth which is axial 
planar to)"l folds. 
I n the Hunt Ri ver Be 1 )1c1rneti ferous 1 enses a re preserved 
locally as isolated, rootless/meso~Pic folded structures within 
otherwise relatively homoget;0us am~bolite schists . However, 
. I 
intrafolial folds defined b t . lenses of quartz are more widespread. 
The quartz lenses occur as isolated, often extremely attenuated, folded 
structures in units of amphibolite schist. Apparently these units 
have been subjected to folding and' transposition of an early layering 
and schistosity which was originally parallel to the garnetiferous 
and quartzitic compositional differences. The folded quartz lenses may, 
in part. represent ptygmatic folds which formed by intense simple 
shearing of the amphibolite containing discordant quartz veins. This 
suggests that both the garnetiferous and quartz lenses originally formed 
part of an earlier layering in the amphibolite schists. 
To the north of the Hunt River Belt, poorly exposed outcrops 
whi ch represent 1 oca 11 zed zones that escaped much of the intense 
trans pOS iti on of the 01 deforma t i on ~ere found. These zones of a 
weakly banded quartzofeldspathic-hornblende gneiSS (described in 
Chapter 2, Section 2.5.3.1) contain deformed mafic pods and lenses 
which are clearly derived from an intrusive suite of dykes . The 
'OJ 
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FIGURE 4.2: Typical gneissic banding in banded gneiss 
terrain. In this outcrop the dominant gneissic banding (Sl) 
is seen to have formed as a result of intense folding and 
transposition of an earlier gneissic banding which is locally 
preserved in intrafolial folds. 
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presence of deformed mafic dykes in gneissic terrains is commonly 
useful in establishing the tectonic and plutonic chronology of the 
terrain (Sutton and Watson, 1951). However, the limited occurrence 
of. the deformed dykes in the thesis area places severe restrictions 
on their usefulness as a means of differentiating the development of 
the gneissic chronology (cf. McGregor, 1973; Bridgwater et !l., 1975). 
The nature and regional distribution of the rock types in 
, 
the map area prior to the Dl deformation is difficult to ascertain 
since very few preserved structures and lithological units were found . 
There is no evidence · to prove or disprove that the pre-D1 structures 
found in the quartzofeldspathic gneisses are spatiotemporally equivalent 
to the pre-D1 .structures in the Hunt River Belt. It is reasonable to 
-; assume, however, that an already highly deformed gneiss terrain was 
~xi~tence prior to .the 01 phase of deformation. Determining the 
relationship· between the banded gneisses and the Hunt River Belt is 
even more difficult. The gneisses could have acted as a basement to 
the meta-volcanics, or, alternatively, the meta-volcanics could 
represent oc!anic crust which suffered early tectonic defonnation and 
was later interleaved with the gneisses by tectonic processes. 
4.2.1 Pre - D1 Metamorphism 
Evidence of the metamorphic conditions prior to Dl is found 
in only a few localities, where F1 intrafolfal folds may have 
preserved pre-D1 mineral assemblages. It should be noted that these 
isolated occurrences of preserved pre-01 lithologies can in no way be 
) nterpreted 
i 
to be contemporaneous, and indeed they may reflect several 
\ 
• 
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defonnational episodes. At this point, therefore, it is possible 
only to comment on metamorphic conditions at some time prior 
to °1, 
In the amphibolites of the Hunt River Belt only the 
intrafolial folds defined by garnet and quartz lenses may be 
considered to be pre-Dl mineralogy. The garnets are red, 
commonly xenoblastic and poikiloblastic, and contain numerous 
helicitic inclusions of very fine-grained quartz, 
In the banded gneiss of the quartzofeldspathic gneiss 
complex thin layers (Figure 4.2) or elongate lensoidal portions 
of pre-01 Hthology are preserved. Field studies of these preserved 
zones show that the dominant gneissic layering (51) formed as a 
result of transposition of an earlier gneissic layering which was 
very similar in mineralogy and microstructure. 
In all the pre-D1 rock 1tudied petrographically, there is 
no mineralogical evidence to suggest that the thesis area has 
u~dergone retrogressive metamorphism from a granulite facies terrain. 
Sutton (1972) described metamorphic bronzitic hypersthene occurring 
as ~olygonal crystals in isolated, zoned, ultramafic boudin-like 
lens~s in the Hopedale Complex in Kaipokok Bay to the south. The 
presence of thi s orthopyroxene and the known occurrence of granul i te 
facies gneisses associated with the Nain anorthosite massifs (DeWaard 
in M6l'"se~ 1971) led Sutton to suggest that the Hopedale Complex was 
derived from reworking of granul ite\, Recent research, however, (Berg, 
1974; Ryan, 1974; Speer. 1975) has shown that granulite facies mineral 
assemblages discovered in other parts of the southern Nain Province are 
\ 
• 
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entirely a result of contact metamorphism and were formed during 
intrusion of the anorthosites. The orthopyroxene (enstatite) found in 
ultrabasic lenses in the Hunt River Belt has been interpreted to be 
igneous in origin (Chapter 3, ~ection 3.2.1.1). However, even the 
occurrence of metamorphic orthopyroxene in the ultrabasic lenses would 
be insuffi~ient evidence to suggest a granulite facies metamorphic event. 
There is no sign of orthopyroxe"e in rocks of basic to intermediate 
composition (ff. Behr et .!l .. 1971; Collerson and Ethridge, 19~2). 
Also, there is no visible indication that the abundant green pleochroic 
hornblende has retrogressed from brownish varieties which are 
characteristic of rocks occurr·ing in the granulite facies (Binns, 1965, 
1969; Enge 1 and Enge 1, 1962). 
Therefore, it appears certain that pre-D1 lithologies in the 
thesis area were subjected to at least amphibolite facies metamorphism, 
although details regarding the pre-D1 event or events cannot be 
di scerned. 
~ 
4.3 D1 DEFORMATION 
4.3.1 Folds 
The 01 phase of defonnation resulted in the formation of the 
dominant sch,istose (Figure 2.1) and gneissose (Figure 4.2) tectonic 
fabrics (51) in the thesis area. 5} is considered to have formed by 
metamorphic growth associated with transposition of an earlier layering. 
No megascopi c fol ds associ ated wi th 01 were recogni zed. Lt' is apparent 
from the geometry of the FI rnesoscopic folds'tha~a large simple shear 
component was involved in the deformation event. The F1 folds 
;: \ 
I 
\ 
- 144 -
corrmonly have one of their lirrbs sharply truncated (Figure 4.2). The 
plane defined by the transposed limb represents a plane of translation, 
as there is no continuity across this plane. Where both limbs of Fl folds 
are preserved, the style of the folds is always 5- or Z-shaped and the 
lirrbs are extremely attenuated (Figure 4.3). 
The Fl folds are interpreted to have formed in response to 
a shearing rather than a flattening or buckling mechanism. Fold limbs 
are extrerrely attenuated and parallel to 51' Away from the preserved 
F1 folds, all original pre-D1 planar, curvilinear or linear elements 
are cOrTllletely transposed parallel to 51' Rare LI I ineations which 
could be measured in the field show an orientation perpendicular to 
the FI fold axis (Figure 4.4). indicating that the direction of 
maximum elongation is parallel to the kinematic a axi s of the fold 
(Watterson, 1968). In a simple shear environment of great intensity 
such as that of the thesis area, all linear elements (fold axes) 
should tend to be rotated towards parallelism with the stretching 
direction (Escher and Watterson, 1974). Examples in which fold 
axes retain a ,' high angle with respect to the stretching direction 
may result from incomplete rotation of folds which developed late ill 
the defonnational episode, or development of fold axes at right angles 
to the stretching direction. Figure 4.2 clearly shows a discontinuity 
along the left-hand side of the small · zone of intrafolial folds. In 
a simple shear environment no discontinuity will occur at the boundary 
I between undefonned and defonned rocks (Escher and Watterson, 1974). 
Thus, it appears that in the thesis area a pure shear component was also 
acti ve duri ng D1 and therefore there was no rotati on of the fo I d axes. 
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FIGURE 4.3: Detail of an F1 intrafolial fold. The fold is S-shaped 
and both limbs are partially preserved even though they are extremely 
attenuated. 
FIGURE 4.4: Steeply plunging L1 lineations defined by the elongation 
of feldspars in a banded gneiss. 
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The large lenses and layers of amphibolite schist described 
in Chapter 2, Section 2.3.1 are considered to be tectonic schlieren from 
the main Hunt River Belt, that were e~~ced during the 01 phase of 
defonna ti on. 
A tectonic regime which involved the large scale shearing or 
'thrusting' of major lithological units has been suggested as a 
mechanism for early tectonic development in the North Atlantic Craton 
(Bridgwater, 1970; Bridgwater et !l., 1974). In the thesis area, 
unfortunately, this defonnation was of a more 'intense and penetrative 
nature than the possible equivalent deformation at Saglek or Godthiab. 
Therefore, the early character of the gneisses in the Hunt River 
area is not preserved. 
4.3.2 Homogeneous Gneiss 
A weak to strong S-fabric defined by the parallel alignment 
of biotite is present in the homogeneous gneiss. In places, a gneissic 
layering composed of alternating layers of grey, medium-grained biotite 
gneiss and coarse-grained layers of white to pi.nk pegmatitic material 
is also well-developed. This layering is thought to be the result of 
igneous injection and subsequent deformation of pegmatitic material 
I 
rather than metamorphi c di fferentiation. 
The homogeneous gneiss is considered to have been emplaced 
as a series of intrusive sheets into the banded gneiss terrain: It 
is, however, difficult to detennine precisely at what stage it was 
emplaced. Schlieren of meta-volcanics which are common in the banded 
gneiss tit1"rain are completely lacking in the homogeneous gneis's. 
I 
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These schlieren were tec\tonically formed during 01' and it follows that 
if the homogeneous gneiss was present during the fTldin period of 01 
acti vity, some interleaving with the mafic volcanics would have 
occurred. Therefore, the homogeneous gneiss was probably emplaced as 
a series of discrete sheets along planes of translation or thrust 
planes during the waning stages of 01 defonnation. 
The homogeneous gnei ss is in terlayered with other di s ti net 
gneiss types on a scale of several metres if! the mixed gneiss terrain. 
Refolded isoclinal F2 folds are present in the mixed gn~isses and, in 
places thin layers of homogeneous gneiss have also been isoclinally ... 
fold, (°2), The lay~rs of homogeneous gneiss are extremely leucoeratic 
(biotite depleted), however it appears that a weak S-fabric is axial 
planar to the F2 isoclinal folds and is possibly contemporaneous with 
the S-fabric (S2) that is more strongly defined bY_,b; ot; te elsewhere in 
1 
the homogeneous gneiss. Thus, this places an upper limit· (pre-F2 ) for 
the empl acement 6f the homogeneous gnei ss. 
, 4.3.3 _01 Metamorphism 
The Hunt River ~lt, the banded gneisses of the Quartzofeldspathic 
" 
Gneiss Complex and the rm:k units in the border zone were all subjected 
to the 01 phase of deformation and inherited their dominant metamorphic 
. aspect du~ing 01' Since th~ effects of la'ter defonnat;~ns _ of 51 may be 
readily recognized (eg. folding, boudinage), the predominant mineral 
asseni>lages.tnd microstructures present throughout much of the thesis area 
may be attri buted to D1. 
In the Hunt River Belt amph~bolite schists, the mineral 
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assemblages which are interpreted to have formed during or in response 
to D1 are as follows: 
1. hornblende + plagioclase 
2. hornb 1 ende + p 1 agi ocl ase + qua rtz 
3. hornblende + quartz + garnet + plagioclase 
4. hornblende + diopside + plagioclase + garnet 
5. hornblende + qlllarti·.+ plagioclase + diopside 
6. hornblende + diopside + plagioclase. 
The D1 mineral asserrblages identified in the quartzofeldspathic 
gneisses (including the border zone) are: 
7. quartz + plagioclase + hornblende 
8. quartz + plagioclase + lIIicrocline + hornblende 
9. quartz + plagioclase + microcline + muscovite 4 garnet 
10. quartz + plagioclas~ + microcline + muscovlte 
11. quartz + plagioclase. 
The stable co-existence of Rluscovite and quartz strongly suggests 
that the rocks have been subjected to the P- T conditi ons of the kyanite-
almandine-muscovite sub-faciesof the amphibolite facies (Kroner, 1971). 
However, the above mineral asserrblages are typical of the si 11 imanite-
almandine-orthoclasl! ·subfacies of the almandine-amphibolite facies of 
Turner and Verhoogen (1960) and Winkler (1965).' 
For the purpose of this thesis, the mineral assemblages above 
are designated as being in the 'amphibolite facies' as originally defined 
by Eskola (1939) and followed by Turner (1968). 
- 149 -
4.4 D2 DEFORMATION 
Although\.D2 structural features such as re-oriented discordant 
veins and boudinaged layers are widely developed in the thesis area, no 
megascopic F2 folds were observed. In contrast to the D1 deformation, 
the D2 defonnation shows evi dence of a di fferent tectoni c regime wi th 
respect to the relationship between the principal tectonic stress 
direction and the principal strain direction. 
4.4.1 Folds 
F2 folds which fold S1 are more cOlTlTlOn in the banded gneiss 
terrain than in the Hunt River Belt. This is possibly because they 
are more readi ly observed in sequences of banded gnei ss than in 
relatively homogeneous units of amphibolite. 
Mesoscopic F2 folds vary from isoclinal to very tight. Both 
similar and parallel types of folds are recognized. Their style depends 
upon the tightness of the fold closure and on the rock composition. 
In rock units of unifonn cOR1>osition, the tighter fold closures 
display a more similar style of folding (Figure 4.5). In the mafic 
rock units (amphibolites, Figure 4.6) the folds are more parallel in 
style than fold closures of comparable interlimb angle in acid rocks 
such as the banded gneisses (Figure 4.7). Similarly, axial plane 
fabrics are more strongly developed in folds with tight fold closures 
(Figure 4.5) and in folded quartzofeldspathic layers (Figure 4.7). 
Tectoni c fabrics associated with D2 are predominantly 
S-fabrics, defined by a preferred mineral alignment in the nose of the 
folds. l~ intersection fabrics (the line of intersection between S1 and 
jI 
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FIGURE 4.5: ]soclinal Z-shaped F2 fold in banded gneiss. 
Note the variability of the tightness of the fold closure 
along the axial trace. A well-developed axial plane 
schistosity cuts the ~ayering in the lower part of the 
antiform. 
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FIGURE 4.6: Isoclinal F2 fold 
in amphibolite from the Hunt 
River Belt. A very weak 52 
axial plane schistosity may be 
noted and crosses 51 in the 
nose of the F2 fold. 
FIGURE 4.7: F2 parasitic fold in banded gneiss. The fold closure is 
relatively open yet a strong 52 axial plane schistosity has developed. 
-. 
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and S2) are weakly deve10p~. The axial planes and fold axes of the 
F2 folds and L2 lineations ~isplay variable orientations due to 
heterogeneous re-orientation by F3 folding. 
( 
4.4.2 Discordant Veins 
Discordant quartzofeldspathic and quartz veins show two main 
structural relat10nships"rfth the amphibo1ites in the Hunt River Belt. 
They are conmon 1y i soc 1i na lly folded (Fi gure 4.8), but in some places 
they behave in a more passive manner and their defonnation approaches 
ptygmatic folding (Figure 4.9). The pre$ence of these 02 structures 
may help solve the Ques ti on of why few F 2 folds of Sl have developed. 
In areas,Jtlhere 51 was parallel to the kinematic a:b axes. no folds of 
the layering (51) will be developed (Watterson, 1968). Therefore, the 
intensity of deformation is recorded by the re-orientat1on of discordant 
veins. As seen in Figure 4.8, although no fo-~ding of SI is seen, the 
effect of O2 has t?een strong, as shown by the isoclinal folding of 
the quartz vein. The folded pegmatite vein in Figure 4.9 appears 
to have passively recorded a mont homogeneous style of defonnation . 
• 
4.4.3 Boudinage 
Boudinage structures are conmon throughout the thesis area, 
occurring in rock units which are comprised of alternate layers of 
contrasting ductility. Rock units in the Hunt River Belt which have 
un~rgone boudinaging include concordant pegmatites (Figure 4.10), 
garnetiferous layers (Figure 2.3) and acid rusty layers. In the 
quartzofeldSpath1c gneisses the concordant pegmatites, and to a lesser 
J 
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FIGURE 4.8: Thin quartz veins isoclinally folded during O2, Note the 
geometric relationship of S- and Z-shaped parasitic folds on the limbs 
of the larger fold. 
FIGURE 4.9: Discordant pegmatite vein ptygmatically folded during O2 
deformation. The direction of maximum compression (X-axis) is not 
necessarily perpendicular to the foliation. 
~ 
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FIGURE 4.10: Isolated boudinaged remnant of pegmatite 
vein forming an augen structure in the amphibolite from 
the Hunt River Belt. 
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extent the thin mafic laye.ts, are boudinaged. In a few outcrops 
where frost action has heaved jointed blocks of\rock, the boudinage 
structures can be viewed in three dimensions. They pinch out 
in two directions and form disc-shaped augen. Similar augen 
(disc-shaped) structures are also observed in slabbed hand 
specimens that contain thinly boudinaged concordant pegmatite 
ve ins. 
4.4.4 Quartz-monzodiorite 
The bodies of quartz-monzodiorite appear to be largely 
fault bounded. The outcrop patterns are lensoidal to lobate in 
form and there is no suggestion that O2 S-fabrics are defonned 
around the plutons. The bodies contain a single L - S - fabric 
which is co-planar and co-axial with F3 fold axes. Primary 
porphyritic igneous textures, which have surprisingly survived 
through the intense penetrative nature of the 03 deformation, 
are preierved locally on surfaces perpendicular to the L3 lineation. 
The emplacement of the quartz-monzodiorite is considered to 
represent a discrete period of pest-D2, pre-D3 plutonic 
acti vity. 
4.4.5 Interpretation-of the O2 Deformation 
Defonnational features associated with O2 indicate that 
the rocks underwent strong homogeneous flattening. The structures 
which support this interpretation include: 
1. regional development of an S-fabric, 
,, -
• 
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2. isoclinal to ptygmatic folding of discordant veins. and 
3. boudinaging of concordant veins and competent rock units in 
two directions forming isolated augen structures. 
In relation to the Flinn (1962) deformational ellipsoid. 
the k value would approac~ O. The intensity and nature of the 
02 deformation may have resulted in the obliteration of much of 
the L1-fabric fonned during 01' 
4.4.6 _02 Metamorphism 
Throughout the thesis area there is extensive evidence , 
that considerable reorientation and recry~on of 
01 mineral constituents took place. However. in YamPhibOlite 
schists and the quartzofeldspathic gneisses no new minerals 
deve 1 oped .~ 
Recrystallization of the mineral components is most 
readily o~served in the noses of mesoscopic F2 fold closu~s 
(Figures 4.5, 4.6 and 4.7). At these outcrops a weak to moderate 
S2 fabric transects the folded S1 in the amphibolites and a moderate 
to strong S2 fabric transects the folded S1 in the banded 
quartzofeldspathic gneisses. In places (Chapter 4, Section 4.3.2) 
the homogeneous gneiss also displays an S2- fabric defined by the 
parallel" al1~nt of biotite flakes and elongate quartz and 
feldspar. 
Other effects of the 02 defonnati on produced wi despread 
boud1 nage structures in 1 ayered rocks of varyi ng competence 
(Figures 2.3 and 4.10). Where. these boudfnaged layers could be 
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examined in three dimensions and in thin section, they were shown to 
form circular, disc-shaped boudins. 
All the mineral assemblages which formed during 01 ~ppear 
to have remained stable during O2. The one exception is the 
predomi nance of bi oti te as the mafi c mi ne ra 1 in the homogeneous 
- gneiss. Therefore, the single new mineral assemblage developing 
during O2 is: 
quartz + plagioclase + biotite + microcline + hornblende. 
- .-
In general then, it could be stated that the metamorphic 
conditions remained in the amphibolite facies regime. 'However, it 
must be remembered that the tectonic environment invoked to produce 
the structural elements peculiar to O2 is completely different than 
that which existed either earlier during 01 or later during subsequent 
defonnations. 
4.5 DISTINCTION BETWHEN 03 AND 04 MEGASCOPIC FOLDS 
Megascopic folds associated with OJ and 04 deformations 
are similar in both style and scale, and it is useful to briefly 
outline the method that is used for distinguishing between F3 and 
F 4. 
The first order structural features in the thesis area are 
two megascopic antHom-synform couples. One is found in the northern 
, part of the, area, and the other occurs in the south (Figure 4.1). 
Figure 4.11 illustrates the relationship of the megascopic folds to 
t~e mesoscop1c linear elements (lineations and fold axes). In the 
SOU,thern area (Figure 4.118) the mesoscopic structural elements display 
" 
, 
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NORTH AREA 
A 
-- -- -_ ... -. -- -- -- -- -- -- -- -- -- 'P- -- --.1'- -.. -______________ _ 
8 
SOUTH AREA 
1 km 
FIGURE 4.11: ScheMatic, drawing of meg_scopic synfo~antiform couples 
I 
·in the Hunt River area, 111ustrating geometrical relationship of SIIII11 
. . 
scale folds and lineations. 
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a synmetrical geometrical orientation in relation to the axial 
, 
planes of the megascopic folds. The lineations and mesoscopic fold 
axes are approximately co-axial although a definite fanning is 
present. The synfonn and the anti fonn in the south are therefore 
interpreted to be contemporaneous F3 folds. 
In the northern area (Figure 4.11A) the mesoscopic 
structural elements display a symmetrical geometrical orientation 
with the megascopic synfonn, but they are clearly asynmetrical in 
relation to the megascopic antifonn. The antifonn in the north is 
interpreted to be the result of a later stage of folding (F4) which 
re-oriented pre-existing structural elements associated with the 
formation of the tight megascopic F3 synfonn. 
4.6 03 DEFORMATION 
4.6.1 Megascopic Folds 
The 03 defonnation is the earliest defonnation for which 
megascopic folds can be mapped out in the field. The F3 megascopic 
folds refolded the Hunt River Belt and are clearly defined by the 
outcrop pattern of the Belt (Figure 4.1). The F3 megascopic folds 
comp~ise both antiform5 and synfonns of variable style. F3 anti forms 
display relatively open, parallel fold closures, whereas the F3 synfonns 
have very tight, similar fold closures, and an interlimb angle of less 
than 30°. The antiform in the south approaches the shape of an 
<> 
isoclinal fold with ~lmost parallel fuld limbs. The folds range in 
size up to , km 1n amplitude and 3 km in wavelength. Due to extensive 
. block faulting and modification from variable amounts of later refolding, 
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the overall pattern of the F3 megascopic folds cannot be detennined. 
The F3 megascopic folds are upright, symmetrical folds with 
moderate to shallow plunges. The F3 antifonn-synfonn couple in the 
south, least affected by later refolding, plunges at approximately 
20
0 
to 210 (Figure 4.12A). This is approximately parallel to regional 
structural trends in the southern part of the Nain Province. The 
P3 folds certainly have had a significant effect .on the outcrop pattern 
in the Hunt River Bel t, and they may well be the dominant phase of ; 
defonnation controlling regional structural trends in thJ:! southern 
Na i n Pro v i n ce . 
4.6.2 Mesoscopic F3 Folds • 
Mesoscopic F3 folds are abundant throughout the thesis area. 
Their style varies greatly, depending upon their structural position 
within megascopic folds. Mesoscopic folds found in the megascopic 
synfonns are ~nerally similar folds with very tight to parallel inter-
limb angles (Figure 4.13). Mesoscopic folds associated with the 
megascopic antifonns vary from broad, open folds (Figure 4.14) to 
folds which may have relatively tight fold closures. but interlimb 
angles that remain fairly open. 
Axes of F3 mesoscopic folds do not exactly parallel the axes 
of F3 megascopic folds. Only in. the cores of the synfonns are the · 
mesoscopic folds co-axial 'and co-planar with megascopic folds. 
Figure 4.128 shows a stereographic plot of linear structures associated 
with the _F3 antiform 1n the southern area. The orientation of the data 
clearly shows an angular relationship between the axial plane of the 
'\ . 
\ 
..., 
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• poles to main schistosity tI plunge of F3 ~soscopic fold axes 
if plunge of lineatiC?" parallel tq F3 fold axes 
N 
( A ) 
. t 
N 
( B ) 
.. 
FIGURE 4.12: Stereogrlph1c plot of structural ele.ents associated with 
' the- _gascop1c synfo ..... ant1fora couPl. in .the southern part of the 
. . , .,,, . 
Hunt Rtver "It. 
. .' :, 
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FIGURE 4.13: Tight mesoscopic 
folds occurring in an ultra-
mafic lense in the F3 megascopic 
synform. The folds are defined 
by thin magnetite layers which 
stand out in relief against a 
schistose serpentinite matrix. 
FIGURE 4.14: Broad open mesoscopic fold occurring in an ultramafic 
lense in the F3 megascopic antiform. Smaller crenulation folds are 
also present. 
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megascopic antifonn and the mesoscopic linear elements. This is a 
result of fanni ng of the mi nor fol d axes and associ a ted ~ i nea ti ons as 
diagramatically illustrated in Figure 4.11. The large variation in 
the angle of plunge is possibly the result of later refolding about 
a NW-SE fold axis (Figure 4.1). 
4.6.3 Granodi ori te 
Field evidence suggests that the granodiorite intruded after 
the F3 phase of folding. It lacks a penetrative tectonic fabric and 
it is not cut by F) pegmatites which are widespread in the irrmediate 
vi ci ni ty of the pluton. A mi nimum age of the granodi ori te is more 
difficult to ascertain. F4 folding was illlTlediately succeeded by 
faulting and diabase dyke emplacement. It is unlikely that a granitic 
pluton would have been intruded contemporaneously with mafic dyking. 
Therefore, the granodiorite is interpreted to have been intruded eHher 
syntectonically with the F4 folding or during the period of quiescence 
between the F 3 and F.4 peri ods of fo 1 di ng. 
4.6.4 Heterogeneous Nature of 03 Deformation 
Heterogeneous deformation is the most characteristic feature 
of the 03 phase of deformation. The first order expression of the 
heterogeneous deformation is the presence of megascopic, relatively 
broad, open antifonns and tightsynfonns. This megascopic fold 
. 
geometry may be achieved by processes other than heterogeneous 
deformation. Ramsay (1960), for example, has shown geometrically 
that flexure (parallel) folds die out both upwards and downwards. 
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Therefore, a cross-section through a folded sequence would expose 
broad antifonnal structures and relatively tight synformal structures. 
However, structural analysis would show that the mesoscopic deformatl>n 
is much the same across the length of the cross-secti on. Wa tterson 
(1968), in Vesterland, south-west Greenland, mapped open asymmetric' 
folds along side bands of plutonic mylonites located along attenuated 
steep limbs of the folds. Detailed structural analysis showed that 
both structures suffered similar defonnation and the discrepency in 
the geometry of the structures was caused by the relative orientations 
of the layering with the a:b:c kinematic axes. 
The forms of the mesoscopic F3 folding in the thesis area 
are related to heterogeneous development of mesoscopic structures. 
These structures are described in two groups: those whi ch vary 
perpendicular to the megascopic axial planes, and those which vary 
parallel to these planes. 
Perpendiaul.a1' to AziaZ Planes ' 
Folds: Within the megascopic antiforms the mesoscopic F3 folds are 
open parallel structures (Figure 4.14), whereas in the synformal 
domai!,)s the mesoscopic F3 folds are very tight to isoclinal 
( F'i g ure 4. 13) . 
Lithologic Relationships: The best examples of rock units are found 
in the ultramafic bodies. In the antifonnal domains the ultramafic 
. bod; es f~rm conti nuous, mappab 1 e units and ~re fo 1 dedaround the 
·antiforms. In ' the synformal domains the ultramafic rock u~its 
are transposed into. a series of discontinuous lenses parallel to 
the axial · pla.ne of the syn1'uRn. 
, 
I 
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Paroa lle l to Azia l Planes 
Heterogeneous defonnation parallel to axial planes is seen 
best along the axial traces of the megascopic synforms. 
,Folds: In the core of the megascopic F3 synforrR, F3 mesoscopic folds 
are very tight. Away from the nose region of the megascopic fold, 
F3 mesoscopic folds are more open (Figure 4.15). 
Lithologic Relationships: A regional development of agmatite Occurred 
syntectonically with F3 folding. Away from the nose of the megascopic 
synfonns, the agmatite is composed of highly angular blocks of banded 
gneiss (.ttre paleosome). As the agmatite is traced towards the nose 
.// 
°r the synfonns, the paleosome blocks are progressively more deformed 
into augen-like structures, and finally the agmatite is completely 
transposed into a concordant unit of banded gneiss (Figure 4.16). 
Heterogeneous defonnation forming megascopic open anti formal ~ 
domains and tight synfonnal high intenslty defonnation ~omai'1.s have 
been reported from the Laxfordian of South Uist, Outer Hebrides, by 
Coward (1973). Coward summarized the main theorief for the evolution 
of this style of structure. Ramberg (1966) and Eskola (1949) 
.con~idered that such structure's could be produced by the gravitational 
updomi ng of certai n basement areas. Ramsay (1967) however showed. 
that buckling of an interface compriSing two contrasting viscosities 
produced a series of antifonns of broad rounded aspect separated by 
synforms whi ch had smaller i nterl imb angles. Coward concl uded fhat 
the structures of South Ufst resulted from buckling uhder compressive 
stress because dense pyroxene-bearing rocks were located in the lower 
s tructura 1 1 eve 1 s of the gnei sses . 
i 
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FIGURE 4.15: Outcrop of agmatite in banded gneiss terrain. The 
irregular fragment of banded gneiss contains an open F3 fold closure. 
FIGURE 4.16: Outcrop of 
agmatite in amphibolite unit 
of the Hunt River Belt. In 
this outcrop near the nose 
of the F3 synform the fragments 
of amphibolite have been 
intensely deformed, forming a 
heterogeneous discontinuous 
gneissic layering. 
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In the thesis area density di fferences were not observed 
in rocks in the lower structural levels of the F3 folds which would 
indicate either an upwelling of lighter material or the presence of 
a buttress for buckling. There appears to be no physical or geometric 
condition which could have caused the heterogeneous deformation. 
Therefore the heterogeneous defonnation is regarded as being related 
to variations in the tectonic stress regime. 
Relevant to discussion of the origin of the F3 structures 
in the Hunt River area are the style of deformation ilTlTlediately 
preceeding and postdating the 03 defonnation, and the extensive 
development of syntectonic agmatization. The 02 deformation phase 
is characterized by a strong penetrative flattening which is interpreted 
to have occurred through homogeneous deformation at deep crustal levels. 
The 04 defonnation, on the other hand, is' characterized by open 
parallel folds indicative of defonnation at shallow crustal levels 
(Bowes, 1975). Therefore, the period of 03 deformation may have 
occurred during crustal uplift.' This would explain why 03 shows 
effects of both high and low intensity deformation. 
4.6.5 ~ Metamorphism 
The 03 deformational event is characterized by heterogeneous 
foldi ng resul ting in synforms whi ch are very tight, and antiforms 
which have relatively open fold closures. In the Hunt River Belt. 
where the amphibolite schists were subjected to intense stress in the 
F3 synfonns. mineral Issent>1ages have simply undergone recrystallization 
and reorientation in respon~e to 03 stress. This is particularly 
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evident when microscopic and small mesoscopic F3 folds are 'examined 
in thin section.~ Alctng the lint>s of these F3 tight folds quartz, 
plagioclase and · hornbfende, in thin section cut perpendicular to 
the fold axes, were viewed as platy sub-idioblastic crystals which 
parallel the fold lint>s. In the nose of these microscopic folds, 
however, the mineral components appear as equidimensional 
granoblastic mosaic. Here the minerals were viewed end-on, as they 
define an elongate mineral lineation paralleling the fold axes. 
In the northern area both hornblende (i n garnet-beari ng 
amphibolite schist), and pyroxene (in diopside-bearing amphibolite 
schist), as well as undergoing recrystallization, also occur as 
coarse ( < 10 l1li1 across), sub-idioblastic crystals which appear to 
overgrow the main 53 fabric. This is indicative of a period of static 
mineral growth after the main tectonic episode of 03. deformation. 
·In the southern area similar petrographic characteristics 
were observed. locally however, in a garnet-bearing amphibolite schist, 
cumningtonite, ~ther tha.n hornblende, appears to have formed asa 
post-03 mineral component. The cummingtonite formed as an alteration 
product of hornblende and where cummingtonite it present, hornblende 
is in dfsequi librillll with garnet (Figure 2.4). In the Abukuma 
~tamorphic Belt. Japan. Kanfsawa (1968) describes cUnlTlingtonite-
hornblende-bear:-ing aq>hibol1tes inter1ayered with garnet-bearing 
aq>h 1 bo 11 tes. Kanisawa suggests that the cummingtoni te may have 
< 
formed as a result of decoq>osition of garnetin response to anda1usite-
sillimanite type metamorphism of a garnet-bearing amphibolite. This 
may also be the case in the Hunt River Belt. However, the restricted 
.. 
- 169 -
range in occurrence of the cummingtonite (to the southern part of the 
Hunt River Belt) cannot at this time be interpreted as reflecting a 
metamorphic isograd. A study of the bulk 'chemical compositions sho~' 
that th~net-bearing amphibolite schist is lower in 
CaO a.r higher in MgO (cf. Hietanen. 1973) than the other garnet-bearing 
amp~bo1ite schists in the Hunt River Belt. Thus, the appearance of 
, 
cu~ngton1te may simply be controlled by local variances in bulk rock 
chemi ~-~mpos it 1 ons • 
\, 
In .. the quertzofeidspathic gneiss complex the effects of the 03 
defWIMtion at-e-very heterogeneous. The salient feature however, is the 
early syntectonic emplacement of abundant. coarSe-grained pegmatitic 
material along megascopic F3 synforms. to form the agmatite unit. Near 
the noses of the F3 megascopic folds this ~gmatite is highly deformed so 
that evidence regarding ctUedi'tgin of the leucosome is obliterated . . Over 
much of the remafning agmatite the paleosome fragments are highly angular 
and in ma~ places could theoretically be pieced back together. This is 
particularly evident in the. more Nfic rock units which may contain as 
little as lO~ leucosome fraction. Therefore. the leucosome fraction is 
not a result of in situ anatexis of the quartzofeldspathic gneiss. It 
seems more likely that it was derived from quartzofeldspathic gneisses at 
lower structural levels in the crust. at the time of 03 deformation. 
The change in defbrmation styl~ from pervasive flattening (02)' 
to heterogeneous strong to moderate defomation (03) to open upright folds 
(04) and finally to megascopic faulting and dyking suggests that the 
episodes of deformation may be associated ~1th an overall uplifting of the 
rocks to shallow crustal levels. The presence of both the leucosome 
.... . 
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infusion in the quartzofeldspathic gneiss and the pegmatite intrusion in 
the southern part of the Belt is interpreted to reflect a magma upwelling 
associated with the processes that 1nveke crustal uplift (cf. Bowes. 1975). 
4.7 04 DEFORMATION 
The 04 deformation is characterized by megascopic open folding. 
F4 folds refold F3 folds and form regional interference patterns. Extensive 
penetrative (axial planar) fabrics are not found associated with the F4 
folds. 
The open style of F4 and lack of associated penetrative 
deformation indicates that the 04 phase is probably a relatively shallow 
level defo~ion. It is of interest to note that the axial traces of the 
F4 folds lie parallel to a late stage set of regional conjugate faults. 
, .. 
It is possible that F4 f~lding gave way to brittle defonnation fn response 
to a furth~r uplift of the rocks. 
4.7.1' Megascopic Folds 
;' Megascopic F4 folds are developed lest in the north where an 
F4 antiform folds and F3 synform (Figure 4.1 and 4.11). The antiform ~s 
an open. upright, parallel fold which plunges at approximately 60° to the 
northeast (Figure 4.17A). In the south the F3 folds are folded about a 
NW-SE axh by later broad. open warps (Figure 4.1). The axial trace of the 
open warping 1,,! the 'south is at a high angle to the F4 axial trace in the 
north and is only tentatively assigned an F4 age. The overall style of 
the F4 folding is Obscurred by late stage block faulting. 
'i 
" 
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• pol.s to .. t~ . sch1stos1ty /plunge of lineation parillel to F3 fold axes 
.d" plunge of F3 .-soscop1c fold axes ~ plunge of F4 mesoscop1c fold Ixes 
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4.7.2 Mesoscopic Structures 
In the northern F4 megascopic antifonn, mesoscopic F4 folds are 
r 
easily distinguished from earlier F3 structures on the southeast lint> 
only. On the north,west lint>. F3 and F4 folds are roughly co-axial and 
co-planar because of the parallelism of the F3 and F4 megascopic axial 
plunges. F3 folds on the eastern lint> have beeQ re-oriented so that they 
have a general plunge to the southwest (Figure 4. 17B), whereas the F4 
.... 
. parasitic folds maintain a northeasterly plunge. F4 mesoscopi.c folds on 
the eastern lint> are S-shaped (Figure 4.18), parallel. and plunge to the 
northeast. They are fairly open (interlintl angle of 45°)' however they 
display tight fold closures. The small amount of apparent thickening in 
.the nose of the fold in Fi gure 4.18 is due to the a tti tude of the 
photographed surface with respect to the fold axis. 
Other parasitic F4 folds occur as crenulations in some micaceous 
amphi bo 1i tes in the nose of the anti fonn. loca lly, in the nose of the 
F 4 anti fonn, small dome and bas in (Type I. Ramsay, 1967) interference 
patterns are_ fonned by folding of F3 folds (Figure 4.19). In the south 
no mesoscopic folds of definite F4 age were recpgnized .. 
4.8 FAULTING AND MAFIC DYKE EMPLACEMENT 
Two major faul t sys terns transect the megascopi c fold patterns 
into a series of rhonbohedral to rectangular blocks several kilometres 
across (Figure 4.0. Although the ;~o fault systems (a NW-SE trending set 
and a NE-SW trending set) appea ... --f~ be a conjugate set. there is ample 
evidence ~upporting the theory that the NW-SE faults represent a period 
of faulting prior to the development of the NE-SW trending f~ults. 
, , 
r . ( 
, 
" 
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FIGURE 4.18: Mesoscopic F4 fold on eastern limb of the megascopic F4 
antiform in the north. 
FIGURE 4.19: Small scale elliptical dome and basin interference patterns 
developed in the nose of the F4 antiform. 
/ 
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Only faults of regional extent are included in the discussion 
, of orientation of principle tectonic stresses. The smaller faults are 
considered to be of similar age, but ~heir orientations are probably 
largely controlled by the attitude of the folded layering (DeSitter, 1958). 
4.8.1 NW-SE Trending Faults 
Four major NW-SE faults are seen to tr~sect the , thesis area 
(Figure 4.1). The faults are near verfical in attitude (Figure ,4.20) 
and appear to have a 1argestrike~slip component. The geological 
boundaries cut by the faults are consistently offset with a sinstral 
sense of IIIOvement. The two large diabase dykes in the north a.re'a ~4 
trend ~ubparallel to the NW-SE set 'of faults, and the faults may have 
exerted some control on the emplacement of these mafi c dykes. Sheari ~g 
of the dyke-coun'try rock margins indicates that renewed movement at 
least, along the faultsw •• nn.arly horizontal. ' While the total amount 
,of IIIOvelnlnt along the faults ,cannat be detennined. the offset F3 
synfonn in the north suggests a minimum of Z km sinstral strike-slip 
lOO_nt~ The middle fault whi ch separate'~ ~e Hunt Ri ver Belt into 
two",geograph1cal components; probably has a ftIlch greater total 
disp1ic:e.ent. as there can be no structural or, lithological correlation 
, , 
, across the fault within the cof1nes of the map area. 
The fault zones are ~nerallY quite n~r~ :nd are comnonly 
'characteriz,d by very ~arsepegmat1tes. 'I~ the ~~:tbo1i1es of the 
. , ' 
Hunt River Belt only one C?utcrop suffered apprechble breccf.atioJ1 'a 
few llletres AW-.y from the fault. Elsewhere, ·the layering in the country 
, 
rock'wlS ' reoriented by drag , folds so that 'Marthe fault the layering 
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FIGURE 4.20: Photograph of exposure of 
large fault which cuts F3 synform in the 
northern part of the Hunt River Belt. 
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is sub-parallel to the plane of the f~ t. In some areas the quartzp 
fe 1 dspathi c gnei sses appear. to ..have behaved 1 ducti lE? manner so that 
the defonnation along the faul t z~nes·approached shear bel t defonnation 
.' 
as described by Ramsay and Graham (1970). 
4.8.2 NE-SW Trending Faul ts 
In Fi gure 4.1 the NE-SW trending faults clearly offset 
the NW-SE faults with a dextral strike-slip"Jse of displacement • . 
In the south splay faults are develop~d obliquely to the main NE-SW 
direction. Figure 4.21 is a composite diagram showing the orientations 
and relative sense of displacement inferred from offset geological 
" . 
features observed in the field. 
The NE-SW fault system has also served as structural control 
for diabase dyke emplacement. In the north area a dyke emplaced along 
a NE-SW fault clearly cross-cuts dykes which are parallel to the NW-SE 
fault system. 'The NE-SW dykes contrast with the older set of NW-SE dykes 
in that they do not show associated defonnational features, nor are they 
associated with ductile defonnaUon.of the quartzofeldspathic gneisses. 
'-... 4.9 POST -03 METAf!()RPHISM 
This discussion is concerned with metamorphic conditions 
associated with the 04 phase of defonnation as well as the subsequent 
faulting. It is necessary to group these events together because 
many of the mineralogical changes which occurred during these last 
two tectoni c epi sodes cannot, on mi eros tructural cri teria, be corre_~ 
specifical),y with 04' Most of the mineralogical changes involved 
"' 
. ! 
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FIGURE 4.21: Schematic representation of the major 
fault orientations in the thesis area with their 
relative sense of displacement. The dotted line 
shows how a simple fold may be complexly dissected 
by late stage faulting. 
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retrogressive alteration of plagioclase, hornblende and biotite . 
.. 
The F4' folding, open and upright in style, consists of 
megascopic, moderately plunging folds with common co-axial mesoscopic 
"" 
" parasitic folds. Nowhere, either in the' field or in thin section, 
was there evidence of a penetrative D4 fabric cross-cutting folded F3 .. 
or F2 linear and planar structural el\ments. The intensity of F4 folding 
appears to, be stronger in the northern area (Figure 4.1). It may be 
significant that biotite as an alteration product of hornblende and 
garnet was found in thin sections only from the northern area. Studies 
o~ thin sections also revealed more widespread saussuritization of the 
plagioclases in the amphibolite schists and the quartzofeldspathic 
gneisses from the southern area. These mineralogical changes are 
representati ve of greenschi st facies metamorphi sm, as the 04 tectoni c 
environment did not lend itself to extensive recrystallization of 
pre-exi s ti ng mi nera 1 components. 
"" "~--,,( 
Chlorite and epidote which are also typ'tcal of greenschlst 
". 
facies I1l!taroorphism are widespread alteration minerals as well. Epidote 
is a cOllll1On alteration product of biotite, hOMlblende and allanite. 
It is also conmonly folUld along smill fractures paralleling the major 
fault systems. Chlorite is always found as an alteration product of 
biotite, including both primary ant! secondary biotite. 
As mentioned is Section 4.6.5, the changing styles of..,---"-
defonnation episodes are interpreted to be the result of varying stages 
of crustal uplift. Petrographic studies show that the rocks in the 
thesis area were subjected to amphibolite facies metamorphism from 
D1 to 03' During °4 , however, very shallow level deformation occurred, 
\ 
( 
,,-
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followed closely by brittle faulting. Mineralogical evidence shows that 
the metamorphic conditions accompanying D4 were at the greenschist facies 
grade. ~ 
, 
... 
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CHAPTER . 5 
DISCUSSION AND SUMMARY 
1 ' 
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5.1 DISCUSS ION 
It is interesting to evaluate the results of this study 
in the southern Nai n Provi nce in conjuncti on wi th recent research 
near Saglek, Lab~dcir in the northern part of the Nain Province, 
and to see how certain geological elements of the Labrador rocks 
• 
fit into adjacent Archean crustal blocks and surrounding Precambrian 
mobile be lt s . 
The Archean block that rendS through south-central 
Greenland is actually an extension of the Nain Province, and together 
they form a major portion of the North Atlantic Craton (Figure 1.1). 
In southwestern Greenland radiometric dating shows that the gneissic · 
-..:~~. 
terrain becomes progress i vely younger when traced from the north to '1f$" 
the south (Bridgwater et ~., 1973c). McGregor's (1973) studies also 
show that~ the north is composed of old rocks and this is sybstantiated 
by radiometric dating by Moorbath et!l. (1972, 1973), and Pankhurst et al. 
(1973). 
Interestingly enough, the Superior Province of Archean age, 
to the west, although thought to be generally younger in age than 
.' 
the North Atlantic Craton (Windley. 1973), is comprised of a series 
of east-west trending linear belts which also become younger towards 
the south (Goodwin, 1972; Goodwin and West. 1974). While radiometric 
dating of rocks Ilong the Labrador seaboard has just begun. results 
so far point to a similar trend of rocks becoming younger to the 
south. Hurst et!,l. (1975) recorded a Rb/Sr '~e of ~ 3622 m.y. for 
the Uivak gneisses at Saglek . . Progressively younger ages have been 
found to the South; 3600 m.y. at Hebron (Barton, 1975b) and 
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3400 m.,y. at Lost Channel (Hurst, 1974). 
Two basic theories which might explain why the rocks become 
. 
younger to the south in the Nain Province include: 
1. the North Atlantic Craton devefop~ by successive addition of 
younger rock to the south by lateral accretion, or 
2. the present level of erosion trans~cts a tilted stratigraphic 
... 
section exposing older rocks from the lower portions of the 
stratigraphic sequence in the north, and younger rocks in the 
upper secti on of the strati graphi c sequence in the south. 
Neither of these explanations, however, can account for the complexity 
of the lithological, structural and metamorphic relations -in the Nain 
Provi nce. 
Based of the results of this thesis, an aYternative theory 
explaining _the crustal evolution of the North Atlantic Craton and its 
subsequent effe~ts on bordering terrain is proposed. 
Throughout the North Atlantic Craton there is evidence that 
1y deformation caused an intercalation of gneisses and 
supracrusta1s f widely varying ages (Bridgwater et ~., 1975; this thesis, 
Chapter 5, Section 4.3). This event is generally interpreted to have 
occurred in a horizontal tectonic regime in Greenland (Bridgwater et ~., 
1974) and resulted in considerable early crustal thickening. Therefore, 
subsequent deformations throughout Archean time affected a thick crustal 
rrlock which was composed of chronologically mixed lithologies. 
The question remains, however, that if rocks of old ages were 
distributed randomly (1) throughout the North Atlantic crustal block, 
<:;. 
then why are they seemingly preserved in only the northern area . . 
• - , '~'if • ..', '!... _' : 
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A study of'tha 'structural style and other geolog.ical features may 
provide some insight into this problem. 
Once the horizontal tectonic event ceased, further defQnnations 
would deform the crustal block into a metamorphically horizontally 
layered section. In other wqrds, the lower portions of the crust 
woul d be metamorphosed. under granul ite fades metamorphi sm, the mi ddle 
port; ons of the crus t wou'l d undergo consi derab le anatexi sunder 
a~hibolite facies metamorphism, and ·the upper po.rtions of the crust 
wOl.lld possibly receive rising melted fractions fonning extensive 
agmatites. J. Watson (1973) suggests a similar theoretical relation-
ship in a polycyclic province of high grade gneisses. Successive 
deformations would also be accompanied by the deposition and intrusion 
of younger granitic fractions. 
What is ultimately formed, then, is a crustal block comprised 
of a heterogeneous intercalation of roc~s of varying ageS. This 
crustal block is subsequently overprinted by a metamorphic differential 
megascopic layering. Deposition of younger rocks would also accompany 
subsequent deformational events and a true stratigraphic sequence of 
younger rocks would develop throughout geological time. 
The North Atlantic Craton provides u5wi th a cross-section 
through this very 20n~>lex situation, with lower portipns of the crust 
exposed in the north and upper portions of the ~rust exposed in the 
south (Figure 5.1). Thus, the overall structural style varies from 
north to south. The structures to the north in the North Atlantic 
Craton are character; zed by a highly i ntri cate, non-l inear pattern 
(Windley,.1969b), and only in the south does the non-directional 
, 
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FIGURE 5~1: Schematic cross-section through the North Atlantic Cra~n 
from north to south . The effects of folding are not shown. 
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.. 
structural style diminish and a linear trend (although still 
polydefonned) persist. This may be due to nothing more than 
heterogeneous deformation, but it could also reflect an origin~l 
difference in competence between an older, thinner crust in the 
north and a somewhat younger, thicker crust in the south. 
Extensive outcrops of granulite facies gneisses in the 
Labrador north also indicate that portions of the lowennost layers 
of the crust are exposed. Ryan (1974) reports extensive anatexis 
and migmatization of gneisses under amphibolite facies from Flowers 
Bay, and in the south near Hopedale (this thes~s, Chapter 4, Section 4.6) 
agmati tes are found. 
All the evidence discussed thus far suggests th.at the Nain 
Province comprises a wedge-shaped section of continental crust which 
thins to the north (Figure 5.1}. The presence of such~a wedge-shaped 
crustal segment raises twg questions. How in the first place did this 
particular geometrical configuration develop, and what geological 
implications can be predicted from such an obviously isostatic 
imbalance? The first question will not be dealt with at this time, 
• 
although it is pointed out that there are many significant geological 
events (Engel et !l., 1974) which could have contributed to such an 
inbalance. 
The second ques ti on is quite i nt ri gui ng. As represented 
in Figure 5.1, the wedge-shape is in imbalance with isostatic 
equilibrium and should, under natural physical laws, adjust itself . 
. Thi s adj us ~ment wou 1 d bes t be made if the southe rn end of the wedge 
floated upwards. Figure 5.2 is a diagrammatic representation which 
J. 
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I 
FIGURE 5.2: Diagrammatic representation of the distribution of 
forces resulting from the crustal wedge (shown in Figure 5.1) 
attaining isostatic equilibrium. 
• 
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attempts to show the distribution of stress that would occur if such 
an irri>alance were to equilibrate. ' 
In the south (Figure 5.2) it is shown that the largest 
component of movement ~ould be vertical, although some compression 
towards the south would be expec,d due to partial rotation of the 
crustal wed~. The geometrical dimensions of the . wedge mean that if 
the southern end rises, theJl(the northern end must move also. It is 
highly unltkely that this movement in the north would go down, into 
the mantle. It is more realistic to envision a predominantly 
horizontal movement to the north. 
. . 
If the geological bOumjaries of the North Atlantic Craton 
~ . 
are examined, it can be shown that the movements predicted above 
are actually evident ~ the field. The North Atlantic Craton is 
bounded in the~by the Nagssugtoqidian mobile belt. Tne 
Nagssugtoqidian is characterized by considerable crustal shortening, 
very limited igne~us. activity, and higIYpressure regional metamorphism. 
The main defonnation boundary is sub-horizontal (Bridgwater et ~., 
1973b )". 
The North Atlanti'c Craton is bounded in the south by the 
Keti1idian mobile belt. The Keti1idian is characterized by widespread 
igneous activity. [vidence suggests that vertical as well as possible \ 
transcurrent movements "are iq>ortant, and there is little evidence of 
crustal shortening (Bridgwater et ~., 1973b). 
Figure 5.2 shows that isostatic rebound in the solt,tlf would 
leave room for considerable plutonic emplacement, and the rising crust 
would also provide detrital material contributing to the K.etilidian 
.. 
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sedimentary rocks . 
.. 
5.2 SUMMARY 
In conclusion, petrological, geochemical, structural and 
metaroorphic stu~ies of the thesis area (located in the southern part 
of the Archean Nain Province) reveal the following characteristics. _ 
.,-, __ (_  1 
--- lhe area is basically made up of a predominantly mafic supracrustal 
belt (the Hunt River Belt) which nas been highly deformed and infolded 
into a high grade quartzofeldspathic gneiss complex, 
Lithologically, the Hunt River Belt compri ses massive to 
schistose amphibolites, a series of ultramafic lenses, and minor 
meta-sediments. The amphibolites (meta-tholeiitic volcanics) include 
garnetiferous and pyroxeniferous varieties as well as thinly layered 
felsic-enriched varieties. When compared chemically to other basic 
~ 
volcanic rocks the Hunt River amphibolites are significantly lower 
in titanium and have lower K/Rb ratios than modern oceanic tholeiites. 
Modern island arc tholeiites have lower nickel and chromium contents 
than the Hunt River meta-volcanics. The amphibolites from the thesis 
area compare most-' favourably with meta-basal ts associated wi th 
ultramafics in the lower parts of volcani c cycles from Archean 
J 
greenstone belts. 
The ultramafics include locally discordant units of 
hornblende s.chist, concordant layers of tremolite schist, and a series 
of lenses of serpentinite schist. In certain of the ser~ent1ni te 
lenses preserved hartzburgHe patches retain coarse textures involving 
elongate olivine and interstitial enstatite. Microstructures, rock and 
- -
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mineral chemical analyses all suggest that the textu~s may represent 
igneous halT'isiti c textures. ' The ultramafi cs appear to have ori gi nated 
as a setieso-r early intrusive sheets into a developing volcanic 
sequence. 
Meta-sediments are represented by a variety of gamet-
staurolite-cordieri te-bearing schists, bioti te-g,arnet rusty zones, 
and grey feldpsar-biotite schists. The pelitic schist displays 
anomalously high nickel and chromium concentrations, similar to values 
found at Saglek in the northern Nain Province. It is -'suggested that 
the provenance contained a high proportion of ultramafic material 
which contributed detrital matter rich in nickel and chromium. 
The deformational history of the thesis area is very complex. 
The first deformation event (0 1 ) recognized on a regional scale 
i nvo ~ed intense thrusting and rotati ona 1 shea ri ng (k == l) whi ch 
formed the dominant layering in the banded gneisses. The transposition 
and intercalation of quartzofeldspathic gneiss and schlieren of mafic 
material from the Hunt River Belt almost completely obliterated the 
pre-Dl charac~r of the rocks. Locally, in small zones of low intensity 
deformation, pre-D1 di abase dykes retained thei r discordant character. 
The 01 phase of defonnation reflects an intense period of deformation 
apparently associated with a megascopic scale sub-horizontal simple shear 
component. This is in agreement with theories postulating horizontal 
tectonism for early Archean crustal deformation of high grade gneiss 
terrains (Condie, 1972; Talbot, 1973; Bridgwater et!l., 1974). 
\ 
() ldh 't / The second major defonnational event D2 invo ve t e ln rUSlon 
of large sheets of trondhjemitic and granitic rock, foll~ed by isoclinal 
/ . 
/ 
/ 
/ ( 
'-
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folding and the formation of a strong planar fabric. Bowes (1975) 
suggests that Archean gneisses in northwestern Britain developed a 
gneissic banding followed by progressive flattening of rather plastic 
deep crust against the sub-horizontal crust-mantle or lower 
crust-upper crust interface. This deep level flattening could 
possibly be correlated with °2 . In the thesis area a marked pure shear 
.f 
component of flattening (k = 0) is indicated by the development cif 
a well-defined schistosity, disc-shaped boudings of pegmatites lying 
at high angles to the matn compressive stress, and disharmonic ptygmatic 
folding of pegllldtites which wer'e oriented at a low angle to the main 
~ , 
compressive stress. 
Bowes (1975, author's abstract) suggests two further periods 
of crustal deformation, the firs~f which "deformed the flat-lying 
metamorphic foliation, and marks the initiation of the str.uctural control 
of uprising gas and magma ... with pegmatites situated in the fold hinge 
zones." This agress quite well with the heterogeneous ch~cter of the 
D3 phase of deformation during which ~ agmatite deve10ped in cores 
".-
of the F3 synforms. Bowes cont-tr(ues to state that "crustal uplift 
towards the close ·ofArchaean times is indicated by the successive 
development of upright open folds ... and little or no related mineral 
growth." This des,cribes almost exactly the style and metamorphic 
character of the D4 phase of deformation in the thesis area~ 
' - ~e structural history, then, may be surrmarized as follows: 
1. A h1gh~y-ective tectoni c sub-hori zontal subducti on and crus tal 
.bulldup (01 ) was followed by a period of relatively acquiescent deep 
It!vel plastic flattening (02). 
; 
4 
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2. A final period of highly active tectonism (03) resulted in an 
uplift of the rocks with a~sociated upwelling of magma to shallow 
crustal levels where the tectonic activity died out with a period 
of low defonnation folding (04) and faulting. 
3. Post tectonic diabase dykes intruded along major fault systems. 
In the amphibolite schists and the quartzofeldspathic gneisses, 
the mineral asserrtllages which display microstructural evidence of 
equilibrium for each phase of defannation indicate that 01,°2 and 03 
all occurred wi thin the amphibolite facies of metamorphism. 
F ~ 
D4 and subsequent faulting occurred wi~hi~ the greenschist facies 
of metamorphi sm. • 
.. tt, 
• ... ..... ". .". .. "'tI'¥..'«. 
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